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PEEFACE. 

0^ Experience has demonstrated, on more than one 

^ occasion, that knowledge of the technical details of 

^ Surveying is often deficient amongst junior practi- 

tioners, either because they have not had sufficient 
practice, or because they have not received from 
their seniors those friendly hints by which much 
I of the knowledge acquired during many years of 

experience may often be imparted in a few words. 

This has led the Author of " Land and Marine 
Surveying " to treat very fully, in the first chap- 
ters, of a number of details, on the understanding 
of which, though very simple in themselves, a com- 
bined accuracy and rapidity of operation mainly 
depend : these have been explained almost in the 
colloquial language in which a surveyor would 
address his pupils and assistants in the field, and 
the more fully that the combination of accurate 
and quick work is indispensable to secure practice. 

The Author has next proceeded to elucidate, in 
the same manner, the subject of making a survx^y 
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VI PREFACE. 

without any other instrument than a chain; and 
this has been done in a series of examples, com- 
mencing with a single field, and gradually increas- 
ing in size and importance, up to large estates, and 
plans for engineering works. 

These preliminaries being made clear, even to 
those who are entirely deficient of actual practice, 
the Author proceeds to explain the construction, 
adjustment, and use of the principal surveying 
instruments ; and as some knowledge of the appli- 
cation of Trigonometry is almost indispensable to a 
sound understanding of the full value of these in- 
struments in the field, he has explained this ap- 
plication before proceeding with the more important 
branches of Surveying. 

It is only after the elucidation and discussion 
of all these matters, that he proceeds with similar 
practical details on the subject of those Eoad, Eail- 
way. Harbour, and other Surveys, of which the 
young practitioner generally hopes to obtain the 
management in the course of his future career. 



PKEFACE TO THE SECOND EDITION. 



A Second Edition of this useful work having been 
called for, I have, at the publishers' request, in 
consequence of the lamented death of the Author, 
corrected some errors which had been observed in 
the previous edition, and have otherwise carefully 
revised the work. 

In order to render the present Edition still more 
worthy of the reputation the work has so long 
enjoyed, I have also taken the opportunity of mak- 
ing several additions, consisting of descriptions of 
new and improved surveying and other instruments ; 
and an Index has been added. 



W. S. HUTTON, C.E. 



London: December , 1885. 



• X 



CONTENTS. 



CHAPTER I. 

ELEMENTARY. 

PAOR 
CHAINS AND CHAINING : OUNTEr's CHAIN, THE 100-FBBT CHAIN, AND 
THE DECAMETRE CHAIN ; ARROWS ; POLES AND RANGING RODS ; 
PRICKING OR BONINO-OrT CHAIN LINES— OFFSETS — STATIONS — 
THE FIELD BOOK ; SYSTEMATIC METHOD OF KEEPING THE FIELD 
BOOK 1 

• CHAPTER n. 

ELEMENTARY— tfo>irtwM«/. 

CHAIN SURVEYING, WITH PRACTICAL EXAMPLES OF ORDERLY SYSTEM 
IN KEEPING THE FIELD BOOK — PLOTTING — FIRST LESSONS-^CHAIN 
ANGLES AND TIE LINES — FENCE AND DITCH — INACCESSIBLE 
DISTANCES — RAPE LINES 26 

CHAPTER III. 

CHAIN-SURVEYING. 

THE SURVEYS OF ESTATES, AND ROADS AND RAILWAYS WITH THE 

CHAIN ONLY 57 

CHAPTER IV. 

SURVEYING INSTRUMENTS. 

THE CROSS STAFF— OPTICAL SQUARE — PRISMATIC COMPASS — HALY's COM- 
PASS CLINOMETER — COMPASS SURVBYINO — CIRCUMFERENTBR — BOX 
SEXTANT — VERNIERS — THEODOLITES (CRADLE, TRANSIT, AND 
EVEREST) — ECKHOLD*S OMNIMETBK — HADLEY'r SEXTANT . 69 

CHAPTER V. 

OFFICE INSTRUMENTS. 

THE CIRCULAR PROTRACTOR— HOWLETT*S PROTRACTOR — STANLEY'S NEW 

FBOTBACTOB 110 

CHAPTER VI. 

APPLICATION OF TRIGONOMETRY TO SURVEYING. 

GEOMETRICAL MEMORAffDA AND TRIGONOMETRICAL RULES — PRACTICAL 

trigonometry; rules 11 o 



X CONTENTS. 

CHAPTEK VII. 
THEODOLITE SURVEYING. 

PAOK 
SETTING UP THE INSTRUMENT — SETTING OUT AND PRACTICAL EXAMPLE 

OF SURVEYING WITH THEODOLITE — PROTRACTING . .124 

CHAPTEE VIII. 

ENaiNEERING SURVEYS WITH INSTRUMENTS. 

ROAD AND RAILWAY SURVEYING WITH INSTRUMENTS ; SETTING OUT ; 
THEODOLITE ; BOX SEXTANT — EXPLORATION SURVEYS ; CANALS AND 
IRRIGATIONS ; HILLS AND WATERCOURSES — LEVELLING BY INCLI- 
NATION — TRACING LEVELS IN HILLY COUNTRIES — W£LLS*S APPA- 
RATUS POR JUDGING DISTANCE 137 

CHAPTER IX. 

TRAVERSE SURVEYING. 

DEFINITION OP TRAVERSE SURVEYING — ACCURACY OF THE SYSTEM — EX- 
AMPLES OF A TRAVERSE, AND OF PLOTTING BY TABLES . . 154 

CHAPTER X. 

HARBOUR AND COAST SURVEYING. 

OBSERVATIONS OFF SHORE — SETTING OUT BASES — TAKING SOUNDINGS — 
TIDAL CURRENTS — REDUCING SOUNDINGS — TIDAL OBSERVATIONS — 
TESTING HOLDING GROUND . . 165 

CHAPTER XL 

WATERWORKS SUPPLY. 

RAIN-GAUGE — STREAM GAUGING — FORM OF NOTCHES IN OVERFALLS — 
RULES FOR GAUGING BY OVERFALLS — RAINFALL — NOTES ON 
GATHERING GROUNDS — VELOCITIES OP STREAMS AND RIVERS . 186 

CHAPTER XIL 

OFFICE WORK. 

LAND QUANTITIES — PLANIMETBR — REDUCING PLANS — PANTAGRAPH — 

EIDOGRAPH 210 

CHAPTER XIII. 

ELEMENTARY PLAN DRAWING. 

MANAGEMENT OF DRAWING PAPER ; MOUNTED PAPER — STRAINING 
DRAWING PAPER — ^STRAIGHT-EDGES — SCALES — DRAWING PENS AND 
INK — COLOURING PLANS . . . . ' . . . .217 



? 
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CHAPTEE I. 

ELEMENTARY. 

CHAINS AND CHAINING ; GUNTER's CHAIN, THE 100 PEET CHAIN, AND THE 
DI^CAmItRE CHAIN ; ARROWS ; POLES AND RANGINO-RODS ; PRICKING 
OR BONING OUT CHAIN LINES — OPFSETS — STATIONS — THE FIELD BOOK ; 
SYSTEMATIC METHOD OF KEEPING THE FIELD BOOK. 

This chapter is written for those who are supposed to 
have had no practice whatever in Surveying, and, indeed, 
to know nothing whatever on the subject; numerous 
technical details are given, which, therefore, to be of 
any service, must be of a purely elementary character : 
the reader will be able to determine for himself how far 
it will be necessary for him to read the first few following 
pages ; or whether he may skip them, and go on to other 
matter. 

CHAINS AND CHAINING. 

Chuins. — ^There are two chains used by the land sur- 
veyor, besides the decametre chain — Gunter^s chain, and 
the 100 feet chain : the first, which is quite peculiar to 
this country, is 66 feet in length, but divided into 100 
linkSf each of which measures, from centre to centre, 7*92 
inches, every ten linlcs being denoted by particular brass 
marks or ' fingers.* Where the only object of a survey 
is to prepare a plan of an estate, and take out the 
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^ SURVEYING CHAINS. 

quantities of land in acres, roods, and perches, Gunter's 
chain is the most convenient. 

The 100 feet chain is, as its name proclaims, 100 feet 
long ; it is divided into 100 links, each of which of course 
measures 1 foot from centre to centre ; every ten links is 
marked as in the former chain. This chain has gradually- 
been growing in favour with the English engineering 
surveyor, and is used almost exclusively for work done 
abroad, imless by some legal enactment we are obliged to 
make use of metric measurements, in which case we 
employ the decametre chain, which is 32*8 feet, or 10 
metres long. 

The Dicametre chain is also divided into 100 links, 
each of which measures a decimetre, equal to 0*328 of an 
English foot. The very short length of this chain is 
somewhat against it, and, to overcome this objection, two 
decametre chains are very commonly fastened together ; 
sometimes a double decametre chain is used, which is 
65 '6 feet long; this also may be divided into 100 links 
of 0*656 length each from centre to centre. 

Where it is necessary to make use of the decametre 
chain, and there is none ready at hand, the Gunter's 
chain is sometimes made use of, each link nearly corre- 
sponding to the double decametre, and as its whole length 
is only about 0*4 of a foot longer than the double 
decametre chain, it is not very troublesome to make a 
corresponding allowance in the field work or in the 
plotting, at every five or ten chains ; it is, at the least, a 
very useful makeshifty and as such has often been had 
recourse to. Where a double decametre chain is thus 
employed, a corresponding scale must of course be made 
use of. 

The advantages of a long chain over a short one are 
evident enough, inasmuch as the measure being longer, 
we have only to apply it fewer times in ascertaining the 
length of a line, than we must do with a shorter measure, 
thus avoiding so many chances of error. Thus, if we 
could measure a mile with a one mile measure, we should 
only have one chance of error; but if we measure the 
mile with the 66 feet chain, we have to apply the measure 
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eighty times, giving eighty chances of error instead of 
one ; and if we use the 100 feet chain, we shall only have 
to apply it 52*80 times, giving nearly 50 per cent, less 
chances of error than in using the Gunter's chain. More- 
over, a considerable amount of time is saved in fixing the 
arrows in the ground, as in the one case we have only 
52*8 instead of eighty to measure a mile. 

Again, we may observe that the only advantage of the 
Gunter's chain is the ready means of ascertaining acreage, 
for which it was originally intended, but it is quite inap- 
propriate for engineering purposes, inasmuch as to make 
use of links of 7*92 inches either for measuring or setting 
out any works we must reduce feet or yards into the 
lengths of such links. We have known experienced 
surveyors use a double Gunter's chain, that is 132 feet 
long ; in wet weather it is heavy work to drag it. 

We believe that the retention of the Gunter's chain for 
engineering purposes is due principally to the obstructive 
standing orders, but as we have not these to deal with out 
of this country, the 100 feet chain is used abroad more 
than any other, unless, indeed, as we have already 
observed, we have to make use of metrical measurements. 

Arrows. — Each chain is accompanied by ten arrows ; 
these are used to mark on each line chained the exact 
point, as regards length and direction, where each chain 
ends, and also the number of chains laid out. The 
arrows are made of stout iron wire, pointed at one end, 
and with a ring at the other, so that the whole ten may 
be conveniently carried on one finger. It will be found a 
good plan to sew a bit of red cloth or bimting to the ring 
of each arrow, as this not only makes the arrows much 
more readily visible in chaining through grass or other 
vegetation, but also, in case of one l)eing accidentally 
dropped about the ground, the bit of red colour makes 
it much more easily found. 

Poles and Banging-Rods. — The surveyor should be 
supplied with a few poles and ranging-rods ; the dis- 
tinction between the two is, that the first are generally 
much longer and stouter than the latter. We use poles 
in general surveying, ranging-rods being more generally 
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employed in setting out lines. The few poles we use in 
surveying are very easily procured, being made of red 
pine, about 15 feet long, 2 inches thick at bottom, and 
} inch thick at top, with the ed^es chamfered off for 
about 5 feet from the bottom. Every pole should be 
shod with a pointed iron shoe. Some surveyors have 
their poles roimded from top to bottom and painted white ; 
the paint is an improvement, as it makes the pole last 
longer, but we hardly consider the expense necessary, for 
it is the fate of surveying poles to be constantly lost, 
broken, or left on the ground, when a survey is com- 
pleted, for it is hardly considered worth while to send a 
man, perhaps half a dozen miles, to pick up a pole left 
behind on the work. It is not indeed an uncommon 
thing to dispense with poles almost entirely, and to cut 
out of a copse or hedge a few of the tallest convenient 
sticks to be come at. We do not recommend this plan 
as one to be generally adopted, as it often occasions 
unpleasant quarrels with farmers. 

We prefer purchasing a bundle of laths, of which the 
chainman can, without any inconvenience, carry out a 
dozen or so in the morning when going to work ; being 
white from top to bottom, they are seen at a considerable 
distance, and are besides not apt to be mistaken for sticks 
often set up by farmers' men for their own work. 

Abroad, certainly, a different course is pursued; poles 
are often considered an encumbrance ; many surveyors do 
not hesitate at cutting dowii young trees, and turning 
them into poles. 

This is often done before the owner's face, and without 
so much as asking his leave. We recommend a little 
consideration on the subject, as a great deal of ill-will is 
often occasioned by these practices among people dwelling 
along the line of works ; this might be avoided by paying 
a few pence for the sticks required. Besides, much in- 
convenience is often occasioned, for we often find that 
our poles are pulled up and stations obliterated at the 
first convenient opportunity. 

The young beginner should never forget that it is an 
important professional duty towards the undertaking with 
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which he may be connected to do all in his power to 
secure the utmost possible good- will amongst the popula- 
tion in the district which the works may interfere with. 
A favourable prestige is often won by the observance of 
common civility only. 

Banging-rods are shorter and slighter than surveying 
poles, and we never wish them to be more than about five 
or six feet long, about one inch thick at bottom, and about 
half an inch at top ; they should be painted red and white, 
in foot lengths, from top to bottom. The advantage of 
these colours is, that it makes them more conspicuous 
than they would otherwise be, and that portions of them 
are often perceptible through the foliage of a hedge. 

We do not often make use of them in surveying, but 
they are undoubtedly useful in setting out a line where 
the vegetation is of any height. Surveying poles, and 
ranging-rods also, when used for surveying purposes, 
should have a flag of red and white bunting fastened on 
at top. This flag should be well secured to the pole ; it 
should be about nine inches wide and fifteen inches long. 
We have already observed that, instead of making our 
poles round, we merely chamfer off the edges, and we 
consider this gives a man a better grip of the pole when 
driving it into the ground. 

In a country where the vegetation is tall, as, for 
instance, hop grounds, vineyards, fig gardens, orange 
groves, or where there is a good deal of copse, we advise 
the surveyor to have his surveying poles not less than 
twenty feet high, if he can procure the stuff to make them 
with, and as we always have ours tapering from two 
inches at bottom to three-quarters at top, they are by no 
means heavy to carry about. 

Having now said so much about poles, which sometimes 
we cannot do without, we must also observe that the con- 
stant use of them would often involve great loss of time, 
as, for instance, sending on a man half a mile or a mile, 
and often more, when there may be a tree, or chinmey,or 
other conspicuous object on the ground which may answer 
the same purpose. Indeed, it is often worth while to 
make a slight alteration in the proposed direction of a 
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surveying line, to avoid such loss of time ; for not only 
the man may have to be sent on, merely for setting up a 
pole, but the surveyor himself would have to wait until 
the pole is set up. It is of no slight importance for the 
young surveyor to accustom himself as much as possible 
to do with only a few poles, and to learn how to set out 
his lines so as to take advantage of objects already on the 
ground ; a poplar or fir, or even the black or white stem 
of a tree, a chimney or window in a house or cottage, the 
centre of a gate on high ground — any such objects will 
answer the purpose, with the further advantage that they 
are not readily removable, and may be found at any 
future time. For short distances we have even made use 
of a flower or conspicuous plant in a hedge. At the same 
time, however, it must be very distinctly understood, 
that it is indispensably necessary that the object be very 
conspicuous, and that another may not be mistaken for it, 
particularly as the chaining proceeds. For instance, we 
may suppose a line started at the foot of a hill, and 
sighted on a chimney in the distance ; on reaching higher 
ground, two or three more may come in sight in close 
proximity to that selected, and although that selected will 
be higher than the others, care must be taken that no 
mistake is made, as a crooked line instead of a straight 
one would be the result. 

Whites, — The use of poles may often be avoided by 
using whites ; these consist of a few pieces of white paper 
stuck in the clefts cut in slight sticks cut from a hedge — 
about two or three feet long is quite sufficient* They are 
very convenient in setting out lines, where the fences are 
numerous or high, when vision of far objects is constantly 
obstructed as the chaining proceeds. Favourable positions, 
such as high ground, should be selected for setting out 
these whites ; on coming to such a spot, the surveyor 
should send a man forward with a few whites, with 
instructions as to the fields where these are to be set up. 
The surveyor remains on the high ground, taking care 
that he is exactly on the line, and as the man reaches the 
various spots where the whites are to be set up, the 
surveyor makes signals by holding up his right or left 
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hand, which guide the man in setting up the white ; 
when it is exactly on the line, the surveyor holds up both 
hands together, and then drops both suddenly, which is 
the signal that the white is to be there driven into the 
ground. The man then goes on into the next field chosen, 
perhaps two or three fields ofi", and the same operation is 
repeated. This is called pricking or boning out. 

Whites are also very useful in sighting a line through 
a copse, either forwards or backwards. For instance, 
suppose that a line has already been chained forwards 
some eight or ten chains, and that we come to a copse 
through which the line has to be continued. Set up a 
pole at the beginning and ending of the part of the 
line already chained ; or if we see that we shall shortly 
lose sight of the backward pole, then set up two or three 
whites, exactly on the line, and about a chain or two 
apart, so that we shall see them on getting some little way 
into the copse ; then commence setting up whites, only a 
few yards apart, and exactly in line with those left 
behind ; the more numerously they are set up the better, 
so that as we advance into the copse, we shall have at 
least three to guide us in setting up the next. By these 
means, and using a little care, we have often set out a line 
through a wood for fifteen or twenty chains, so as to be 
able to continue the chaining. 

It is always well, under such circumstances, to select if 
possible some tree on the other side of the copse, under which 
we may see that the line will come out. We may do this 
before commencing the pricking out, and if we find at the 
end that the chain actually comes out under this tree, we 
may conclude that all is well. On coming to the other side 
of the copse, the line should be continued for some length, 
to give us the means of tying up the work ahead to the 
back- work. In these matters it is not always what we 
should like to do, but what we can do imder the circum- 
stances ; and the sooner the young surveyor acquires the 
habit of doing these things under difficulties, the better for 
his practice. It will of course be understood that we are 
not now referring to an actual working survey — in which 
case we should have power to cut a road right through 
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the wood, without any further trouble; we refer to a 
preliminary or parliamentary survey, where in the first 
place we have no right to cut, where perhaps our survey- 
ing is barely tolerated, to say nothing of the loss of time 
wMch would be incurred in cutting a path. 

Where there is no tree or other object on the other 
side of the copse or wood, we have often sent two or 
three poles forward, with instructions that they should 
be tied together, and set up according to instructions, 
given by the voice instead of by signal, some three or four 
men being stationed at short intervals apart ; signals 
may thus be carried forward from the surveyor at one 
end of the line to the man at the farther end. We have 
known this work carried on at night by means of lanterns, 
and although not the most pleasant it is perhaps the 
easiest and surest way of all. 

Setting out Lines with Poles, — Some few practical hints 
may also be given on this subject, and before starting the 
men with poles, they should be taught how they are to 
manage them. 

Let us suppose, for instance, that after running a line 
for some length on an object in the distance, we see that 

we shall shortly lose sight of it for 
J» some time at least, because we are 
going down hill into a valley. Let 
the surveyor consider himself as having reached point a, 
D being the far object. Let the assistant or chainman, 
who is to be sent forward with a couple of poles, under- 
stand that he is to go down in the bottom of the valley at 
about B, selecting some spot which you consider you can 
see all the way from a to b. Point out to your chainman 
some object not very far off the line, and let him under- 
stand that he is to make use of such object as the first 
approximate guide in setting himself in line. Of course 
the object must be one that he will both see and recog- 
nise from B, for instance some remarkably shaped tree or 
large conspicuous bush ; this will save time, inasmuch as 
the man will at once know pretty well whereabouts he is 
to go to get on the line. Show him, also, how he is to 
hold the pole, which should be in the following manner : 
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The chaininan should face the surveyor, holding the pole 
before him with both hands, as he can then scarcely fail 
to hold it upright, which is of great importance ; he should 
not drive it into the ground when he first holds up the 
pole, and every time he moves it according to directions 
given by signal ; on the contrary, the point of the pole 
should just touch the ground. Let him understand how 
you give your signals, and what they mean ; if he is a new 
man, ascertain by trying him at a short distance, before 
you send him forward ; otherwise, after losing a quarter 
of an hour or so in making signals which he cannot 
understand, you will have to call him back as best you 
may, or go forward yourself to explain what you should 
have done before, and then return to a ; if b is any dis- 
tance at all, you may thus lose an hour or two in very 
fruitless work. 

If you see a tall hedge or clump of brushwood down the 
slope of the hill, between a and b, and do not perceive any 
natural object which can be chained upon, let the man 
understand that he is to set up a white at such a place ; 
perhaps there may be two or three such places between a 
and B. When you have given all these instructions, and 
satisfied yourself that they are understood so far, point out 
to your chainman what he will next have to do before 
returning. This will be to plant a pole at somewhere about 
c, which should be sufficiently high up the hill to enable 
you to see the far point d, when you shall have reached 
c ; probably it will be as well for him to understand that 
he will have to set up a white or two up the slope of the 
hill between b and c. Let all your chainmen well under- 
stand that they are never to leave a pole until it is well 
fixed in the groimd, and standing perfectly upright. 

Do not suppose that you are wasting time by making 
your chainman understand as thoroughly as possible what 
you require him to do ; an intelligent chainman is a valua- 
ble assistant ; we have found sailors and soldiers make 
capital chainmen, and often much more useful for field 
work than men who have only been in an office. Before 
the man starts let him take forward with him all the traps 
you are not likely to require, which will leave yourself and 
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your remaining men unencumbered, so that you will not 
so much miss the services of the man you have sent 
forward. 

Now let us suppose the man ofE on his errand ; whilst he 
is on his road to b, you may be finishing your field work 
at about a, and sketching in your field book some small 
portion of the work towards b — ^not too much, or perhaps 
you may have to rub it out again. 

Let us now suppose the assistant has reached the place 
where he is to set up the first white, and that the point a is 
well in line. Observe that b is very much below the level 
of D ; in looking down at b, without something to guide the 
line of sight, it will not be very easy to set b correctly in 
line between a and d ; and we are now supposing ourselves 
to be at work without any theodolite at hand ; the best sub- 
stitute will be found to be a piece of twine, four or five feet 
long, with a heavy plumb-bob attached — we mean a heavy 
one, and not such a little pellet as is usually added by 
instrument makers to the theodolite, and which vibrates 
with every breath of wind ; in short, a good lump of 
stone will do as well as anything. As soon as you have 
brought your chainman, roughly at first, but pretty nearly 
on the line, stand at about arm's length from a, with the 
plumb-line in hand, and the stone just hanging above the 
hole made by the pole at a, and which pole we suppose 
sent forward out of the way ; bring the first white, by 
signals, in line with d ; this done, hold up both hands and 
then drop them, by which your assistant knows that you 
mean, " All right— drive it in there ! " 

The man moves on, and you may venture to lay out a 
chain or two, take a few effects where required, and sketch 
in a little more work. 

When you see your assistant about to reach the next 
point, return to a, and repeat exactly what you have done 
before, and so on until your assistant has reached the point 
c. By this time you will probably not be very far from b, 
unless you have a good deal of field work to pick up, and 
your assistant may come back and meet you between b 
and c. Let it be observed that if you were to wait idle at a 
until all this were done, you would lose much valuable time. 
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Whilst on the subject of surveying poles, we may make 
the following observations, which will prevent our having 
to return to the subject for some time to come. 

We will suppose we are pricking out a straight line, say 
a mile long, for a working survey, over neariy level 
ground, and that the ranging-rods are to be set up at 
about every five chains. Evidently, after two or three 
poles have been set up, they will obscure the line forward, 
particularly at that level which we most require to see — 
that is, at the foot of every pole ; therefore, as soon as 
each ranging-rod has been finally set up in line, either it 
should be taken up again, and a peg driven in its place, or 
it should be made to lean to the right or left, so as not to 
obscure the view forward. Either this first plan should 
be adopted, or else that of commencing the pricking out 
by the ranging-rods being set up at the far end of the 
Ime, instead of at the beginning. In this latter case, it 
is not quite so necessary as in the former case to pull up 
the ranging-rods and drive pegs, or set them aside. The 
former course, however, is by far the most usual, and that 
which we always adopt. 

Chaining. — ^Without good chain work there is no good 
surveying, and the accuracy of a survey will be in pro- 
portion to the correctness of the chaining. We shall, 
therefore, enter pretty freely into the details of this part 
of the work, and, even at the risk of appearing tedious 
and dogmatical, we shall endeavour to mention everything 
connected with the subject. 

Whatever chain is used — that is, either the Gunter's, or 
the 100 feet, or the decametre chain — there is no differ- 
ence in the method of chaining. 

The first thing to do is to loosen the cord with which 
the links of the chain are bound together. Let this piece 
of cord be put in the pocket, because it will be wanted 
again at the end of the day's work. It should be long 
enough to go six or seven times round the chain when put 
up, so that when an end of it is worn out, there may be 
still enough left to bind the links together. We always 
use a good strong strap with a buckle ; but some persons 
consider this extravagant. Now this appears a very 
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trifling detail, but the neglect of it often causes much waste 
of time. Unless the chain is well bound up, it is bundled 
anyhow into a bag, and the following morning it is with 
no little trouble and waste of time that the hundred links 
are disentangled. Indeed, the men often lose patience 
over it, and the chain often gets broken ; not a little time 
is then wasted in mending it. 

The strap having been put away, the two brass handles 
of the chain are taken in the left hand, the bulk of the 
chain being held in the right ; a few links are then 
loosened out of the right hand, and with a jerk the rest is 
cast out. A chainman goes up to the half-chain mark, 
when the two halves are readily parted, and the work may 
commence at once. Any other method often leads to the 
links getting tangled together in the manner we have just 
mentioned. 

Leader and Follower. — The management of the chain is 
intrusted to the * leader and follower,' the first being the 
person who drags or leads the chain ; the latter the one 
who/ollows, and gives directions to the leader where to 
set his arrow. 

On starting, the leader takes the ten arrows in his left 
hand, and a handle of the chain in his right, and goes 
forward towards the pole at the other end of the line. It 
is of importance that in going forward he should be taught 
the absolute necessity of keeping his eye on the forward 
object, as this prevents his wandering off the line. Adopt- 
ing this practice from the first saves both time and labour 
to a greater extent than may at first be imagined. The 
follower remaining at the starting-point with the other 
handle of the chain in his hand will check the leader as 
he gets near the end of the chain. The follower should be 
made to understand this, because otherwise the leader will 
be constantly overrunning the length of the chain, which 
will then have to be pulled back, again causing loss of 
time and labour. 

On reaching the end of the chain, the leader may turn 
round and face the follower, with an arrow and the handle 
of the chain in his right hand. 

The follower is standing over his end of the line, with 
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bis handle of the chain exactly at the starting-point. The 
offset staff, of which we shall speak presently, being fixed 
here, will assist in getting a fair start. A stout peg 
should be driyen into the ground here, unless the survey 
is commenced at some permanent mark, such as the foot 
of a tree, a gate-post, or some such object. It is a good 
plan to leave a white also at this place, for reasons to be 
presently explained. 

Generally in practice the follower signals the leader by 
bending his head right or left, which designates to which 
side the leader should hold his arrow. We suppose, for 
instance, the follower bending his head to the right. The 
leader moves his hand and arrow accordingly, probably 
too much. The follower will therefore have to lean his 
head to the left, and the inexperienced leader will very 
likely move back to where he was before, or nearly so. 
This will occasion great loss of time, and the leader should 
therefore be taught from the beginning that in moving 
back to the right or left he should not move his hand or 
arrow more than half the distance he has moved before. 
This ensures the arrow being fixed in its place very 
speedily. 

Now all these things appear almost ridiculous trifles, 
and yet on them entirely depends whether a surveyor does 
two or three himdred chains a day, or not half that 
quantity ; so that, in fact, instead of being trifling, they 
are of the greatest importance to the day's work ; and not 
only this, but the men themselves have not half the labour 
to go through. Let your chainmen, therefore, under- 
stand from the first, and get into the following habits 
from the beginning. The leader, on starting with the 
chain in his hand, should keep his eye on the forward 
object for which you are chaining. This prevents his 
wandering a long way off the line. Whilst the leader is 
walking forward, the follower should have the other end 
of the chain in his«hand, so as to prevent the leader from 
overrunning his mark. When the leader has come to his 
chain end, and is setting his arrow according to the 
directions of the follower, he should only correct about 
half the error each time he moves his hand right or 
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left, according to the directions given him by the 
follower. 

We now suppose the first arrow to be on the line, when 
the follower calls out * mark ' or * down,' at which signal 
the leader fixes his arrow firmly in the ground, imless, 
indeed, he happens to be on a road, when this cannot be 
done. In this latter case, he makes a cross at the point 
where the arrow should be, and lays the arrow down 
alongside of the cross. 

If there is no offsetting to do on this first chain, the 
signal to move forward is given by the surveyor saying 
* on/ The leader and follower both move forward, and 
both with the chain in hand, the leader steadily keeping 
in view the forward object, the follower checking him at 
once if he wanders off the line. 

On coming to the end of the second chain, what we 
have just mentioned above is repeated — ^that is to say, 
about fixing the second arrow. Let us still suppose that 
there are no observations to book on this second chain, 
and that the word * on ' is again given. The follower picks 
up his first arrow, and both chainmen move on as before. 

The end of the third chain being reached, the leader 
may save some trouble by setting himself very nearly on 
the line at once, by sighting himself by means of the last 
arrow left and the white at the starting-point. If this is 
done, the follower will have but very few directions to 
give, if any. This work is repeated imtil the leader has 
expended his ten arrows, on driving the last of which 
into the ground he should never fail to call out ' change.' 

At this signal the surveyor walks up to the last arrow, 
and there drives in his offset staff. 

The follower comes up with his nine arrows. The 
surveyor counts them to see all is right. They are then 
handed to the leader, who also takes up his tenth arrow, 
the offset staff being left in the ground. If there be 
nothing farther to do on this chain the word *on' is 
given, and all again move forward, and exactly the same 
thing is repeated as was done at the first chain. On 
taking up his offset staff, the surveyor may have a white 
left, if there be one handy. 
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On this subject it will be found a wise precautiou 
always to have a few slips of paper in your jacket pocket. 
As they need not be more than about 3 inches by 2, they 
are not heavy to carry. In the same manner each of your 
chainmen should always have about them a few short 
sticks, about a foot long, and the slighter the better 
almost. By these means a white is easily left at every 
ten chains, without having to look about for a stick. 
They need not be more than a foot long, because if they 
stand up high in the ground, they will be very con- 
spicuous, and some one with nothing better to do will be 
sure to go and pull them up. 

The object of this precaution is as follows : A surveyor 
on commencing a survey will have a lot of new men about 
him, whom he has not yet had time to instruct, and 
although he will keep his eyes sharply about him, some 
blundering may occur, particularly if he himself be not a 
well-experienced man. Suppose, for instance, that after 
chaining some thirty or forty chains, it is found that an 
arrow is missing. If no marks have been left behind, 
perhaps in a perfectly open country — ^as, for instance, a 
common — ^there will be nothing left as a remedy but to 
begin the whole of the work over again. The precaution 
we have mentioned prevents such a vexatious waste of time. 

In describing the above method of chaining, it will be 
observed that the leader, on coming to the end of his 
chain, turns about and faces the follower to receive his 
instructions and follow his signals; the men generally 
prefer this way of working, because it is less laborious 
than that we are about to describe, but we do not think it 
quite so accurate, as for instance, for working surveys, 
though quite sufficiently so for preliminary surveys, unless 
there be very great carelessness. 

In the method of chaining we are now about to describe, 
the leader, on coming to his chain end, instead of facing 
right about, stands sideways on the chain, and thrusts out 
his right hand, holding the arrow and chain handle. To 
get the arrow into line, the follower calls out ' to you ' 
or * from you,' according as he wants the arrow right or 
left. There is, however, some difficulty with the men at 
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first to get them to adopt this plan, and a good follower is 
required to cany out this method properly. 

Necessarily if we want accurately the length of a mile 
of country, we must measure it with care ; we may, how- 
eyer, be too fastidious^ and thus consume a great deal too 
much time in doing a thing too well, or rather too fastidi- 
ously. For instance, in chaining over a rough country, 
through hedges and ditches, through furze and ploughed 
ground, it is quite impossible, without adopting special 
means, to make the chain lay in a mathematically straight 
line ; the mere roughness of the ground will prevent it. 
Notwithstanding this, men who are new to the work, and 
often the best men because they are earnestly disposed to 
be careful, insist on their chainmen planting every arrow 
exactly on the line, to an inch. This is unnecessary, and 
leads to an immense waste of time, and is very fatiguing 
and harassing to the men. 

That, however, which it is important to observe is, that 
every arrow shall be held upright both by leader and 
follower, and that the chain handles shall be held touching 
the arrows as every chain is laid ; this is much more 
important in getting the true length of a line, than over- 
fastidiousness as regards the precise direction of the arrows. 

Supposing that what we have hitherto said on the 
subject of chaining has been practically digested, we will 
now refer to chaining in hilly country. 

On measuring up or down the side of a hill, we do not, 
in surveying, require the length of the sloping line, but 
the length of the horizontal base. The method usually 
adopted for chaining on sloping ground is called ^ step- 
ping ; * for instance, supposing that we are going up hill, 

the leader will stand at half or 

>|j|j---— -; quarter chain, with his hand 

^^li^ { close on the ground ; the fol- 

^^jj^T" ■; lower, on the contrary, will 

^^l|||j^ hold his end of the chain up 

^^W^ to his breast, but taking great 

care that he stands exactly 

over the right place for the chain end ; to do this properly, 

the follower should hold the offset staff, or a pole, plumb 
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over the precise spot; the first half or quarter chain 
heing thus laid out, the follower lets go his end of the 
chain, but the leader holds on fast to the ground the half 
or quarter chain he has had in hand. The follower walks 
forward to the leader, fixes the point of the ofiset staff in 
the proper place, and the leader walks forward to take up 
the three-quarter or other end of the chain. By the time 
he has done this, the follower will have fixed his staff 
plumb, and will be holding up the chain breast high, and 
the leader will only have to tighten the chain and obey 
the follower's directions as to position on the line. Of 
course, if we were going down hill instead of up, the 
leader should hold up the chain instead of the follower, 
in which case it is the former who should be supplied 
with the offset staff. It will be understood that in 
referring to quarter, half, and three-quarter chain, we 
allude to the degree of steepness of ground. 

We have been particular in describing the method of 
stepping, because if not done properly, it is better left 
alone. The safer mode of making the necessary allow- 
ance in chaining up or down hilly country, and which we 
always adopt, because it is the easiest as well as the surest, 
is to take the angle of inclination, and make the allow- 
ance accordingly. 

It is quite unnecessary to use any formidable instrument 
for taking the angle or making anv calculation for ascer- 
taining the necessary allowance. A little bit of cardboard 
is all that is required ; it is graduated to degrees, and the 
corresponding allowance in links is marked opposite to 
the degrees; a little plummet hangs from the centre. 
Tou stand at your chain end, whilst your leader stands 
at the other ; you look at his face, along the diameter of 
the little semicircle, and your chain follower reads off 
the allowance marked by the little plumb-line ; the arrow 
is to be moved forward so many links accordingly. The 
greater the inclination of the ground, the less will be the 
corresponding horizontal distance; or the greater the 
angle of inclination the less the cosine. The plumb-line 
marks the difference between the length of the sloping 
ground and t];iat of the horizontal distance for one chain. 

c 



18 



OFFSETS. 




4 ^ 



2 
JL 



OFFSETS. 

Offsets in surveying are measurements taken from the 
chain to any object on the right or left, as, for instance, an 
angle or a bend in a fence, stream, or road ; to a junction 

of fences, or the corner of a build- 
ing, &c. Offsets are always taken 
at right angles to the chain, be- 
cause this nxes them in direction 
as well as distance in reference to 
the chain line. For instance, in 
the annexed figure, 1 «, 2 S, 3 (7, 
4 fl?, and 5 ^, are offsets to the cor- 
ners of a building lying to the 
right of the chain line ab ; if 1, 
2, 3, 4, and 5 are given positions 
on the chain line, from which 
verticals of given lengths would 
fall on the angles a, ?, c, d, e, it 
is very evident that we have only 
to mark off 1, 2, 3, 4, and 5, on 
paper, say 10, 20, 30, 40, and 50 links, and from these 
points draw verticals, each equal to 1 (^, 2 b, &c., in order 
to lay down all the angles of the building on paper, 
accurately as regards direction and distance with reference 
to the chain, and similarly with regard to the bends in 
the fence at/, g, and h, and also the junction of fences at i. 
It is by the distance on the chain, the right-angled 
direction of the offset and its length, that we are enabled 
to fix its position on paper exactly as it is on the ground. 
This being understood, we may now refer to the subject 
of taking offsets, by means of which we fix all the details 
of a survey. 

"We may suppose, for instance, that we have been chain- 
ing on, expended a given number of arrows, and just laid 
the last chain a b. 

The first thing to do is to sketch in the position of the 
building ; the next is to ascertain the number of the chain 
on which the offsets have to be taken ; to do this inquire 
of your chain follower, * How many arrows ? ' On getting 
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the answer, suppose six, you know that the ofSsets are to 
be taken on the seventh chain ; to be certain, however, 
that your follower has made no mistake, and that no 
accident has occurred, ask your leader, * How many arrows P * 
his answer wiU be ' four,' if all is right. 

The first offiset, then, will be at 610, that is to say, if 
there has been no previous * change/ But if there has 
been a change of arrows — that is, it ten chains have been 
laid previously — then the first offset will be at 1,610, and 
so on, if there have been already two or three changes. 
Evidently, therefore, it is necessary that every change 
should be booked, as 1,000, 2,000, 3,000, &c. 

With regard to finding the position on the chain where 
the offset should be taken, stand sideways on the chain, 
and move backwards or forwards, until you come to the 
point from which a vertical points to the angle or bend to 
which the offset is to be taken. 

Offsets may be measured by pacing, with the tape, or 
with an offset staff; we prefer the last, although for pre- 
liminary or parliamentary work we generally measure by 
pacing, and the student will find that after a little practice 
he can measure his offsets by pacing quite as near as he 
can plot the work ; of course it is imderstood that we have 
got ourselves into the habit of pacing a yard at every step. 
The offset staff will, however, be found exceedingly useful 
in determining correctly the point from which the vertical 
will lead exactly to the point required. We have set our 
offsets 300 feet long with the offset staff, and to make sure 
of the work we have several times tested the right angle 
with the sextant, without finding any appreciable differ- 
ence. 

The offset staff is besides useful for other purposes. For 
the Gunter's chain it is made ten links long, that is, 
6*6 feet, when it makes a very useful leaping-pole. For 
the 100 feet chain the offset staff is made 5 feet long. It 
is shod at one end with an iron shoe steeled at the point. 
At the other end it has a shoe with a cleft in it, and a 
small hook; both these are useful to attach the chain 
thereto in order to push or drag it through a hedge, 
exactly at that point which is on the chain line. It is a 
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bad plan to throw a chain oyer a hedge, because generally 
this method gives very bad chainage. On long lines, on 
which there are numerous fences, a good precaution is to 
leave here and there a white in the hedge ; this is done 
by passing a twig through a slip of paper and making a 
loop at the end of the twig to prevent the paper slipping 
off; when engaged upon works for which we had pre- 
viously made the surveys we have found some of these 
marks remaining, when every vestige in the shape of pegs 
driven in the ground, and broad arrows or triangles cut 
in the grass, had disappeared. 

STATIONS. 

Stations are certain marks which we leave in the ground 
along the various chain lines, to which we have to refer at 
a future opportunity. On an extensive survey, which 
may last some months, it is necessary that these marks 
should be more or less permanent. In arable lands there 
is no other way than dnving a stout peg, and the chances 
are that it will be soon ploughed up. 

Stations in grass lands are generally much more perma- 

A ^ nent ; they may be made in either of the 

^\ ""^ three following manners — ^a triangle, a 
broad arrow, and a crow's foot. In the 
first and third,'the exact station mark is considered to be in 
the centre, whilst for the broad arrow it is considered to 
be at the junction of the three lines. 

In woods and copses we do not require stations, unless 
the line is just on the outskirts of a wood ; but it is always 
advisable to leave a few marksj in the shape of whites, on 
which the chainage may be marked in pencil. We may 
also here and there cut off a slip of bark from a branch, 
but so as to avoid mischief, which irritates landowners, 
farmers, and gamekeepers, more than is readily conceiv- 
able. 

We particularly recommend the young surveyor to avoid 
cutting holes and gaps in fences, as it is pretty sure to 
cause unpleasantness, and very often leads to his being 
warned off the ground, a threat which a powerful land- 
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owner or wealthy farmer has not much difficulty in carry- 
ing out, and for which there is every excuse where wanton 
mischief has been committed. Besides all this, cutting 
gaps is sheer waste of time. A hole through a hedge no 
bigger than a man's hat is as sufficient for the purpose of 
seeing as a gap as big as a bam door. Let it be remem- 
bered that a gap cut in a quickset hed^ takes many 
years to repair, and that even then, it wul leave an un- 
sightly mark in a perhaps handsome fence of thorns or 
evergreens ; and a little consideration will make it evident 
that farmers and landowners cannot be otherwise than 
irritated at such imnecessary damage done to their pro- 
perty. We have more than once seen such wanton mis- 
chief done in this way, that we have wondered the farmers 
have had sufficient patience not to take very summary 
means of stopping it. 

There is another slight matter of this kind, to which 
we wish to call the attention of young surveyors, and that 
is to take care, with regard to himself and his men, that 
gates be not left open. When this is not attended to, cattle 
often get loose and do great damage, for which he may be 
liable. 

As we have already observed, stations are left for future 
reference. They are so many points from, to, or through 
which side lines are chained for picking up the fences, 
streams, roads, buildings, &c., lying at some distance off 
the base lines of the survey. 

On road, railway, or canal surveys, where the engineer- 
ing surveyor is only for a few days in a locality, the marks 
left need not be of a very enduring character ; indeed, if 
he takes the precaution of leaving a white at a fence cross- 
ing, with the chainage written upon it, and fastened in 
the manner we have already mentioned, perhaps nothing 
more is necessary for him to be able to find the spot a day 
or two after ; it saves driving pegs or cutting marks in 
the ground. He shoidd take care, however, to leave 
another white, on the line, in the next fence, so that the 
one may be seen from the other, as by this means he 
easily fiiids the Une when he requires to do so, and by 
measuring off any distance from either of these points, he 
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gets the exact distance, on the line, of the point which is 
the actual station, from or to which his side lines are 
chained. 

For large enclosures with moderately straight fences, 
and where the actual measured survey is only some six or 
seven chains (Gunter's) on each side, but few stations are 
required, if any, because the surveyor when he has acquired 
some experience will pick up all the work on his base line, 
by taking long offsets carefully pitched ; for preliminary 
surveys this will be the case very generally. The young 
surveyor wiU understand this the more readily if he 
refers to the scale to which such surveys are usually 
plotted — ^that is, six chains to the inch — and on which a 
distance of thirteen feet is represented by one-thirtieth 
part of an inch. It is not an uncommon practice with 
many surveyqrs to guess the length of short offsets, and 
although we do not recommend this to the young sur- 
veyor, it must be admitted that the sooner he acquires an 
expeditious mode of measuring his offsets, the better it 
will be for him. 

THE FIELD BOOK. 

The field book is a record of the surveyor's daily opera- 
tions. It is necessary that it should be not only accurate, 
but that it should give as correct a sketch of all the 
objects along his chain lines as possible. With the help 
of the measured distances, it should enable him to plot all 
the details of his survey exactly as they are on the 
ground. 

Observe that there are two kinds of surveying field 
books ; the one most in use amongst engineers is about 
four inches and a half wide, and about eight inches long, 
opening lengthways. It should be made of good thick 
paper, so that although a few showers of rain in the 
course of a day's work may wash out some of the lead 
pencil, yet it will not obliterate the clear marks of the 
field work ; the cheap books made of thin blue paper for 
this purpose, do not retain the imprint of the pencfl; a 
little rain washes all out. We have sometimes been sur- 
veying in a drizzling rain all day in November parliamen- 
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tary work, and although the pages of the field book were 
thoroughly well soaked, we had only to dry them carefully 
before the fire in the evening to be able to plot the day's 
work; the paper being thick, the work was as it were 
engraved on it. It is not necessary that it should be 
very thick ; about a hundred pages is quite sufficient. 

The field book should be paged from end to end, so that 
we may refer back to such a line on such a page. There 
should be drawn upon its pages from end to end, double 
lines in red, about half an inch apart. In this column 
the chainage on the chain line is entered ; that is to say, 
the chainage of the different stations, as also the chainage 
at which all the fences are crossed. The stations may be 
distinguished by running a circle round the figures. 

Every chain line in the field book should he numbered 
as well as every page, and for this reason — we may often 
have two and even three chain lines on one double page, 
and on each line we may have stations denoted by the 
same figures ; that is to say, that on each line we may 
have, for instance, a station marked 500. If, in a 
future page of the book, we were to refer to station 500, 
page so and so, it might be doubtful which of the three 
stations we referred to ; but if the number of the line is 
also referred to, then there can be no doubt about the 
matter. 

Although every surveyor almost always plots his own 
work, and indeed likes to do so, the field book should be 
kept in such a manner that any person understanding 
the work may plot from it. It should also be kept in 
such a manner that it can be plotted from for months, 
and even years if required, after the work haa been 
done in the field. For instance, it may be required 
for parliamentary purposes many months after the work 
has been done, when it should be in such order that 
any one may imderstand the work, and be able to compare 
the book with the plot survey. In cases where the field 
work has been sufficiently well done, it may be required 
to refer to the base lines, some two or three years after, 
for the purposes of the working survey for the con- 
struction of works. If it has been kept in such a manner 
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that the stations on the base lines may be taken up again/ 
it may save a great deal of work. 

We point out all this to show the necessity of having 
everything clear and legible, and arranged in such order 
that any portion of work may be easily referred to 
and understood. We have twice had instances of plans 
having got mislaid or lost ; but on application being made 
to the surveyor, he had only to refer to his field book to 
make out a fresh plot, although some years had elapsed 
since the field work had been done. Had not the field 
book been clearly kept, he could not have done this. 
In such cases one cannot trust to memory. 

In order to keep a field book in this manner, there 
must not only be a system adopted from beginning to 
end, but the writing and sketching must be neatly done. 
The young surveyor will do well to accustom himself to 
use a fine hard-pointed pencil, to write his figures clear 
and small, to sketch in his fences at the angles at which 
they cross his chain lines, to show the bends and angles 
of fences, roads, and streams as they exist, and to some 
extent to keep the work to scale. The experienced man 
can by these means get a great deal of work into one page ; 
but we do not recommend the young surveyor to do too 
much of this at the commencement. Let him be satisfied 
with keeping everything correctly, clearly, and easily 
referred to. Let him be particular at the commence- 
ment of every line to enter correctly, whether, on starting 
from a line, he turns to the right or left; and when 
he returns to it, to enter the chainage of the station to 
which he returns, or which he crosses, the number of the 
Une and the page on which it is to be found. This will 
prevent his being at a loss when he comes to plot his 
work. So much as regards the order of the book-keeping ; 
and be it remembered that at present we are referring to 
chain surveying only, without reference to instrumental 
observations* 

Let him be particular as regards the field work that 
everything within two or three chains of his chain line is 
correctly sketched in, and that his ofisets are taken from 
the chainage entered on the book and to the right points. 
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We have now said everything that we beKeve necessary 
at present about chains and chaining, about poles and 
ranging-rods, ofisets, stations^ and the ordinary field 
book, and we have only to say a few words about what we 
call the fair-weather field book. 

This book is about the size of a boy^s copy-book, and 
large enough to take in a few fields on every page, all 
being clearly shown^ but from its size is but ill adapted 
for wind and rain. For fine climates, however, it is 
undoubtedly the best, inasmuch as it saves a great deal of 
cross-referencing from one page to another, as it is of 
such a size that there is no difficulty in getting in on each 
page twenty or thirty chains' width of survey. 



CHAPTEE II. 

'ELEKENTARY— continued. 

CHAIN SURVEYtN'O, "WITH PRACTICAL EXAMPLES OP ORDERLY SYSTEM IN 
KEEPING THE FIELD BOOK — PLOTTING ; FIRST LESSONS — CHAIN ANGLES 
AND TIE LINES — FENCE AND DITCH — INACCBS8IBLB DISTANCES — BASE 
LINES. 

To Survey on one Line the two Fields shown at Fig. 1, and 
to keep the Field Book, and to plot the Work on Paper. — Set 
out the line a b, so as to intersect the two fields at about 
half-way, by sighting on a pole at b, or better, to avoid 
loss of time, by picking out the stem of a tree or some 
conspicuous bush that may answer the same purpose. 

Cast out the chain at a, and pass it through the hedge 
at some point in line with b ; when the chain is brought 
tight, let the leader set in an arrow at the end of the chain, 
and on the line, according to the directions of the chain 
follower. 

The first offset we have to take is at 30 links, a line from 
which to the first comer on the left will be at right angles 
to the line ; this offset measures 110 links. Pass over the 
fence into the field, and standing on the chain and looking 
towards b, begin sketching part of the fences on each side, 
right and left, showing where they diverge from or bend 
towards the chain. At 85 links on the chain, there is an 
offset at right angles to the main line, to the corner on 
the right hand; it measures 190 links, and is entered 
accordingly in the book. 

There being nothing further to note on the first chain, 
the next is set out ; and when the second arrow has been 
set, the surveyor or follower takes up the first arrow. At 
150 links, there are two offsets to be taken, one on the 
left of 230 links into a comer, and the other to the right 
of 210 links into a bend. At 260 links, on the third chain, 
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there is an offset to the left of 180 links, to an inward 
bend, and to the right an offset of 160 links into a hook 
in the fence. At 300, the end of the third chain, take the 
oflfeet of 130 links to fix the direction of the main part of 
the fence on the right hand. At 420 links, an offset has 
to be taken to the curved bend in the fence on the left 
hand, which measures 190 links. At 490 links, there is 
an offset to the right of 130 links, to an angular bend in 
the fence. At 650 links we cross the fence into the next 
field, which crossing requires to be sketched with attention 
to the bend on the right. To the left, this fence crosses 
the chain, square with the main line, and the distance or 
offset to the comer measures 90 links. At 640 links, we 
have an offset to the comer on the right hand. We should 
here' leave a station, making some mark on the grass op 
driving a peg in the ground, as from or through this point 
we should probably have a line to take up the fences to 
the right and left. 

At 730, we have an offset to the comer in the fence on 
the left, and so on to the end. 

It may now be observed that all the offsets are taken 
square, or at right angles to the chain, and from given 
distances, on the chain, because this enables us afterwards 
to lay down the fences on paper, or to plot the work, 
exactly as it is on the ground. 

And now to explain this portion of the work : take a 
scale of 40, or four chains to the inch ; draw a straight 
line on paper, a b, to represent the chain line ; with the 
point of a needle, or a sharp-pointed pencil, prick off a, 
which represents 0, and then, consecutively, 30, 50, 85, 
150, 260, &c., to the end of the line. And now take a 
little qfset scale, which is generally two inches long, and 
of course to the same scale as the former, that is, four 
chains to the inch ; place this at 30 links on the chain 
line, and quite square with it, and prick off 110 links, the 
length of the first offset to the left ; move the offset scale 
on to the next mark on the paper, that is, 85 links in the 
field book, and prick off the ofl&et to the comer on the 
right hand of 190 links ; and now put the offset scale on 
the next mark, that is at 150 links, and prick off the 
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offsets right and left, 230 links to the left, and 210 to the 
right. At 260 we have again two offsets, 180 links to the 
left, and 160 to the hook in the fence on the right. 

In this manner we proceed to the end of the line, and if 
the line had been two or three miles long, instead of only 
eleven chains, it would be exactly a repetition of this kind 
of work. To complete the plot in pencil, we have now 
only to draw lines from offset point to offset point, as nearly 
as possible with curved bends or angles, similar to those 
we have in the field book. Hence the value of a correct 
sketching of the fences ; and exactly as the offsets have 
been taken squure to the chain line, and from the right 
chainage, so will the plot be proportionally correct. 

The observations which we have already made on the 
chain, on offsets, and the field book, coupled with the above 
explanation, are quite sufficient, we trust, to enable the 
most inexperienced to understand the subject so far ; it 
only remains for them to put this information into prac- 
tice, by chaining a line through two or three fields, when 
they wiU much more readily Understand the elementary 
portions of land surveying, as explained in the next few 
pages. 

To Survey with the Chain only a large Enclosure such as 
we have shown in Fig, 2. — The first operation is to set out 
the lines, so as to get two triangles, as a b d, and a c d, 
two sides of which triangle are to intersect at e, somewhere 
about the middle of the enclosure* We may begin the 
chain work at either of the points a, b, c, or d ; let us sup- 
pose that we commence at a, cast out the chain, and work 
in the direction of c ; the first point we have to enter in 
the field book is that where the line a g intersects b d at e ; 
the distance to this intersection measures 590. I^ow, 
in order to find this intersection on the two lines a c and 
D B— and it is very important that it should be obtained 
accurately, because it is a check to the whole of the work — 
let the surveyor stand at a, and let his assistant or best 
chainman stand at d, and let a third person, with a pole, 
walk on towards the point c ; by the one person mjiing 
signals from a and the other from b, the third man by 
following the signals will-be able to place himself exactly 
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at tlie point E^ wMcIi is required ; of course we suppose 
that two poles Ixave been left at the points b and c. 

We may now proceed with the chain work, onwards from 
E to c, where we book the length of the line a c. From 
the point c, we commence a new line c d, turning to the 
right, which turning we show in the manner already 
explained under the head of field book. 

On this second line we commence the ofisetting, the 
method of doing which we have already very fully ex- 
plained. On reaching the point D, carefully book the 
length of the line, which here measures 1,010. "We now 
turn for a, to the right again, which gives us a third line 
in the book ; take all the necessary offsets along this line, 
and on reaching the point a book also the length of this 
third line, which completes one triangle of the survey. 

We now commence the second triangle, by chaining 
from A to B, taking the offsets as usual ; at b book the 
length of the line A b, and at the same time we may look 
along the line b £ d, to see that the assistant has accurately 
ranged this line when he was at the point d. Now from 
b measure to d, booking the intersection when we come to 
E, 670, and on reaching n book also the whole length of 
line, measuring 1,300. Lastly, chain and offset the line 
B c, carefully booking also the whole length, which mea- 
sures 840. We have thus completed the survey. 

Plotting and Testing the Work — Take a straight edge 
and any convenient scale, say four chains to the inch, and 
lay off the line a c, equal to 1,260 ; to plot the first 
triangle, take a pair of compasses, and with them take 
from the scale the length of c d; with this length between 
the compass legs, describe from the point c an arc of a 
circle to the right. And now in the same manner take 
with the compasses and from the same scale the length of 
A D, 778, and with one leg of the compasses at a, describe 
an arc, intersecting the former one, which will be exactly 
at D, if the lengths have been correctly taken with the 
compasses from tl^e scale. To make sure of this, take the 
scale, and setting the zero at c, see that the length of the 
first arc has been correctly set off; it should measure 
1,010. Then set the zero of the scale at the point a, and 
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ascertain in the same way that the second arc has been 
correctly set off; it should measure 778. From a and 
from c, draw straight lines to the intersection of the arcs ; 
they will represent the chain lines c d and d b. Now to 
plot the second triangle a b d, take from the scale with the 
compasses the length of a b, and describe an arc from the 
point A and to the right of A d ; then with the compasses 
again take the length of b d from the scale, 1,300, and 
from D set off an arc intersecting the former ; as before, 
test the length of both arcs with the scale from a and from 
D, and if the lengths are found correct, draw in the 
straight lines with the rule from a and from d to the 
intersection of the arcs, which determines the point b, and 
the chain lies A B and D B. Now, with the scale, measure 
from A to the intersection e ; it should give 595, and from 
B again measure to the intersection at e, which should 
give 668 ; now draw in the straight line b c from the 
point B to the point c, which should measure 840. If all 
this agrees with the field book measurements, the chain 
work has been correctly done in the field and correctly 
plotted in the office. There only remains to plot the off- 
sets, from the chain lines, in the order they have been 
taken in the field. 

A somewhat more intricate example is shown in fig. 3 ; 
a four-sided figure will not conveniently tat:e in the whole 
area, the figure of which is much more irregular than in 
the former example. From the points a and b we could 
get a view of the whole ground, and from these points the 
Unes B c and a d were laid out, as also the bases a g and 
B D, intersecting at e. The first line chained was a b, but 
from the irregular form of the fence on the right, we could 
only offset portions at the beginning and ending of the 
line. The offsets being taken, and the chainage com- 
pleted to B, 1,920, we laid out the line b d ; we had to 
prick out this line with whites because of a deep hollow at 
about the point e, from which d was not visible ; but by 
standing ourselves at about the pointy, and a chainman 
standing at about half-way between e and D, so that he 
could see us at about g, and also a pole left at b, we laid 
out this diagonal and then commenced the chaining from 
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B to D, after entering in our field book, Kne 2, the proper 
sign for turning to the right, and the chainage at b. 

We offsetted to the right from b to g, at which last 
point we left a station for running the line g r. "We left 
our chain at o, after booking this station, 720, and pro- 
ceeded to lay the line ac, which we did in the same 
manner as b d, and for the same reasons ; we did so before 
proceeding farther, in order to be able to book the point 
£, where the two diagonals intersected; at this inter- 
section we made a mark and returned to the station g. 

Before proceeding with the chainage of b d, we ascer- 
tained that our follower and leader had each the correct 
number of arrows, and chained onwards until we reached 
the point e, where we entered in the field book the chain- 
age which denoted the intersection of the diagonals, 1,340. 

After this we had only to enter the intersection of a 
fence before reaching the pole at d. 

Haying booked the chainage to d, 2,660, we turned to 
the right agarn^ entered ' line 3,' and proceeded onwards 
for point a. 

It will be observed that there was a considerable 
quantity of offsetting here in order to get one bank of the 
stream, which was about 40 feet wide ; moreover that the 
part of it near i was too far off to offset to, from the line 
DA ; we therefore left a station at h, 800, and continued 
chaining and offsetting all the way, until we reached the 
point A, 1,796, which closed the first triangle. 

We now start from a, turning to the right again ; we 
leave a station at a convenient point f, 650, for running 
the line g f, book the intersection at e, 1,296, and chain 
on to c, the chainage at which, 2^500, we also enter, after 
noting where the chain cuts the fence. From c, turn to 
the right again, on for d, ' 2,660, line 2 ; * take the neces- 
sary offsets, right and left, and complete the chainage to 
D, 1,815 ; this gives the second triangle a c d. 

We must now go back to c. Enter ' line 6,' turn to the 
left, and from the chainage at c, as measured from the 
poiat A, also noting in our book that we now chain on for 
the chainage at b, as measured from a to b. 

These preliminaries being entered in the field book, we 
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lay out the chain for b, sketch in the fencing as we pro- 
ceed, take the offsetting right and left, at the prominent 
points in the bending of the fence, as they occur along the 
chain line, and complete to b, 1,765, or * 1,920 line 1/ 

This last line, tying the summits of our two tricmgles, 
will be the best check on the work done as yet. 

We may now proceed to g, to chain the line gf. Here 
we enter * line 7,* turn to the right (an obtuse angle), and 
also 'from' the chainage at g, 'line 2,' or for the chainage 
at F, ' 650, line 4.' These remarks in the field book will 
enable us to find the correct points on the plot. From g 
to F measures 895 ; of course we take the necessary off- 
sets. We may now lay out the little line a i, 8, enter the 
point from which we commence, that is a, the beginning 
of the survey, and work on for i, in the direction probably 
of some convenient tree or bush at some distance off; from 
A to I measured 1,220. It is needless to observe that we 
took the offsets all the way to every bend in the bank of 
the stream, and sketched it in our field book. 

From I, turn to the left for d, 795. Complete the work 
by chaining the little tie line h i, 465 ; this concludes the 
field work. 

We may close these remarks by observing that every 
time we complete a chain line, we should be careful to 
examine the number of arrows in the hands of our follower, 
and of our leader ; this should never be omitted. Also, 
that every time we complete a line, we should enter not 
only the length of the line chained, but also the chainage 
of the station to which we have run, and the number of 
the line to which such station belongs ; we thus know 
where to refer in our book, and also on the plot of the 
work. At the commencement of every line be particular 
in noting the number of the line, which we ascertain by 
referring to the antecedent one ; and the particular sign 
turn to the right, or turn to the left, as this enables us to 
lay off the line in the corresponding direction, when we 
come to office work. If this is neglected, after chaining 
any considerable number of lines, we have to trust to 
memory only for plotting the field work ; this may either 
fail us altogether, or be very erroneous. 
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Plot of Fig. 3. — ^With a straight-edge and sharp-pointed 
pencil lay down the diagonal b d ; and here we may 
observe that there is always an advantage, when plotting, 
in laying down to paper the longest lines first ; a straight- 
edge — that is, a long straight-edged flat rule — should be 
used, in order that the line drawn on paper should be 
really a straight line ; otherwise the trouble incurred in 
the field in chaining a straight line from point to point 
would be waste of time. The pencil with which the line 
is to be drawn should be sharp-pointed, in order that the 
line may be fine ; if drawn with a coarse-pointed pencil, 
the line might be 10 or 12 links wide^ and we should have 
to look for the centre of it every time we pricked off a 
distance from a scale. In drawing in the line, care should 
be taken to keep the pencil perpendicular, with the point 
close along the straight-edge. This line being drawn on 
paper, we lay the edge of the chain scale close on it, and 
with a needle-point, or the point of the pencil, we prick 
off the length of the chain line, * line 2,* 2,660, the zero 
of the scale will represent the point b, and 2,660 will be 
point D. Now open the compasses to take in from the 
scale the length 1,920, * line 1 ; ' place the point of one 
leg at A, and describe with the other an arc of a circle to 
the right of the base. Now with the compasses take the 
length of * line 3,' equal to 1,795, and with one leg of the 
compasses at d, describe another arc to intersect that 
already drawn ; the intersection will represent the point 
A ; apply the scale to these two arcs, from b and from d, 
to ascertain that the lengths are correct, and prick through 
the intersection. It may be observed that in describing 
these arcs, it is better to use the points of the compasses, 
than the pencil-points, because they give finer lines, 
and show more plainly the correct intersection. If we 
now draw the lines a b and d a, we complete the first 
triangle. 

In the next place, we take with the compasses, from the 
scale, the length of a c, line 4, and from a describe an arc 
to the right ; and now from d, we describe another arc, 
with a radius equal to 1,815, to intersect the former, which 
will give the point c; test them with the scale, and if 
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found correct, prick oflf the point c, and draw in the 
straight lines A c and d g. 

Lay the scale from b to c, and see if the reading gives 
the length of line 6, as chained in the field, that is, 1,765. 
Now lay the scale along a c, and ascertain that the inter- 
section of the diagonals is correct; from a to e should 
measure 1,296 ; next lay the chain on b d ; from b to b 
should measure 1,340. If these figures are correct, our 
work so far is right in the field and in the office. 

On the line b d, with the zero of the scale at b, we may 
now prick off the station o, 720 ; and with the scale on 
A c, and the zero at a, prick off the station f, 650 ; draw 
in a straight line from g to f ; place the zero of the 
scale at o, and ascertain that from g to f the distance 
scales 895. 

We may now proceed to deal with the little triangle aid, 
and in order to do this, we make use of the same means as 
for the other triangles ; that is to say, from the point a, 
we describe an arc to i, with a radius of 1,220, equal to the 
length of line 8, and from d, we describe an arc d i, with 
a radius of 795, to intersect the former ; test the length 
with the scale, prick off the point of intersection, and draw 
in the lines a i, d i. On line 3, d a, prick off the station 
H, draw in the line h i, and with the scale ascertain that 
it measures 465, as shown in the field book. 

This completes the skeleton of the work. We now open 
the field book at line 1, and laying the scale on a b, we 
prick off the chain distances at which the offsets were 
taken ; having pricked off a certain number of these, we 
lay the scale, or the offset scale, square across the chain 
line, and plot off the corresponding offsets; join these 
points together in pencil, and they will give the line of 
fencing ; treating all the chain lines in the same manner, 
you will describe all the fences round the field. 

When this has been completed, the chain lines should 
be drawn in with red (crimson lake), and the fences with 
Indian ink ; the stream may be shown by a little cobalt 
blue along the banks. 

Lastly, draw in the scale, and the plot plan is finished ; 
from this> finished plans are prepared as they are required. 
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It may be observed that a very large pair of compasses 
would be required to describe some of the arcs mentioned 
above, particularly as the points of the compasses should 
be always held as vertical as possible over the paper. To 
obviate this, we use beam compasses, which will be de- 
scribed in another chapter, under the heading of Surveying 
Instruments. 

The subject of chaining, offsetting, and keeping the 
field book, is one of the greatest simplicity to the surveyor 
who has had any experience, but to the beginner it is 
exactly on that particular subject which he stumbles most, 
when first practising his business. At the risk, therefore, 
of appearing tedious to the practical man, we shall venture, 
for the sake of the pupil, for whom we are chiefly writing, 
to enter into the most minute details. 

Let us suppose, then, that the line a b has been set out 
by the -side of some fences, as the first line of a survey. A 
pole has been left at b, which is considered a station. If 
the survey is of any size we shall perhaps require this 
station at some future opportunity; in this case the 
station ought to be secured in such a manner that we 
shall find it when wanted. 

If in arable land, a stout stick should be driven in ; not 
so stout, however, that it would require very heavy blows 
to get it any depth into the ground, for in that case it 
would split and very soon disappear ; about three-quarters 
of an inch is a very good size, and with a few blows of a 
mallet, or even a stone, it may be driven so deep into the 
ground that it will give some trouble to get it up. We 
are obliged to be explicit on this subject, because on exten- 
sive surveys, where accurate work is required, these 
stations are important but very difficult to preserve ; 
wherever there is an opportunity, they are generally 
pulled up for the sake of mischief. 

If in grass lands, the stations should be marked in the 
manner already described, care being taken to break up 
and throw away, into a ditch for instance, the pieces of 
turf cut up, or they will be replaced and our station ob- 
literated. These remarks about stations are particularly to 
be attended to when a station has to be left near a footpath. 
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CHAINING AND OFFSETTING. 



We may now suppose that we have cast out the chain 
at A (as in the side figure), and that the leader has pushed 
his end of it through the fence, exactly on the line to be 

chained ; otherwise we shall com- 
mence by chaining a crooked line. 
The leader is, of course, supposed 
to have the whole number of ten 
arrows in his hands, as the follower 
jJbo-^^T^^ is at zero. The follower having 
given the proper directions to the 
leader about pitching his arrow, and 
the chain being brought tight before 
the first arrow is set — for it is no use 
doing so after — we may see about the 
ofisets. There is one to take on the 
first chain to a corner on the right. 
As the follower has no arrow in his 
hand, there will be no whole chain 
to book, only a fraction of a chain. 
To ascertain what this is, let the sur- 
veyor stand on the chain, facing the 
fence to be ofisetted to, with his off- 
set-staff in his right hand pointing 
to the fence, and right over the 
chain. With the staff held in this 
manner, let him move along the 
chain in the direction of the leader ; 
the moment the staff held at right 
angles over the chain points to the 
comer to be offsetted to, we have the 
reading of the chain, which has to 
be entered in the field book. 

In our example, this reading is 
40 links, the point on the chain 
from which the offset-staff points to 
the required comer; this reading 
being booked, we have only to measure with the offset- 
staff up to this comer ; book the measurement by the 
side of 40, which gives us the distance we shall have to 
lay down on paper, of the comer of the.feiice line from 
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the chain, and the point on the chain line from which 
this offset measurement should be a perpendicular line. 

This done, we come to the intersection of the chain with 
the fence ; this is 90, the last brass finger on the chain, 
and we now cross over; having, however, left a mark at 
station a ; we now come up to the leader. There is nothing 
further to do on this chain ; he is therefore started afresh, 
and is supposed to know that he is not to wander in any 
direction, but that he is to walk straight on for the object 
at the end of the line ; this saves a great deal of time in 
chaining. 

The follower we shall at present consider to be the sur- 
veyor himself. We may here observe that where very 
accurate work is required, the surveyor should follow the 
chain himself, but this is not adhered to in ordinary work, 
because it is not sufficiently expeditious. We may also 
remark that no man will ever make a good surveyor who 
has not had a little experience both as a leader and a 
follower. It is only then that he knows at a glance as the 
work proceeds whether his chainmen are doing their 
duty, and whether they are doing it properly with refer- 
ence to each other ; this is one of the things to attend to 
in order to obtain good and rapid chaining. 

For instance, the leader may indulge himself by pulling 
a gi'eat deal too hard at the chain, which will distress the 
follower exceedingly ; on the other hand, the follower, 
when straightening the chain, may jerk it so hard as to 
strain the wrist of the leader ; this kind of thing often 
leads to the chain being broken between the two, and great 
loss of time incurred. 

Again, in laying his chain, the leader may not hold his 
arrow upright ; he may hold the handle of the chain and 
the arrow in such a manner that the ring of the arrow very 
considerably overhangs the point of the arrow as it stands 
in the ground ; this is very detrimental to anything like 
good chaining. 

We may now proceed with our offsetting, and we might 
do so by chaining right on for the next fence, there being 
no offsetting absolutely required, because the fence on the 
right is straight ; supposing, however, that a slight mis- 
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take 18 made at either of the offsets at each end, this error 
would be carried through from end to end ; if we take an 
offset in the middle of the field at three chains, 300, then 
we have a check on any such possible mistake ; the method 
of taking the offset is precisely the same as in the last case, 
only that we have to fix the perpendicular at the end of 
the chain, instead of any link at the middle or quarter ; we 
have only one right angle instead of two, and if the ground 
happens to be sloping, a little extra care is required. 

Before taking the offset, inquire of your follower, ' How 
many arrows P ' — he will say * two,' because you yourself 
are standing at the third. Before you book anything, 
make the same inquiry of your leader, he will say ^ seven,' 
and for the same reason, that you are standing at Ais eighth 
arrow ; these two inquiries are made to prevent one of two 
things, a mistake on the part of your follower, which 
might not be discovered at the right time, or an erasure 
in your field book, which always looks bad. 

We may now * go on ' again ; we must, however, look 
to see whether the pole at b will continue to be visible as 
we approach the next fence; if this should be tall and 
thick, the chances are that it will conceal the pole from 
view, therefore select some object in the fence which you 
can sight upon ; this done, the chaining may be continued. 

With regard to the fence on the left hand starting from 
the 90 on our chainage, we take no offsets to this : it runs 
too much away from the work, and will have to be taken 
up by a side line from a. 

Having reached the next fence, and the leader having 
crossed it with his chain, we have again to ask the follower 
* how may arrows ? ' — the answer should be * six ;' if you 
are following yourself, as we supposed, you have only to 
look at the arrows you have in hand. Having done this 
you will ask your leader * how many arrows ? ' — his answer 
should be * four ; ' you are then safe to book your fence 
crossing, which is 670. A few links further on, 680, you 
have an offset to take to a corner and junction of fences ; 
there is also another junction at about 675, but instead of 
marking this as an offset, you may measure from a to b, 
and enter this dimension, without the letters^ in your book. 
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At 680^ you may perhaps have to leave a station for a side 
line, on account of the work to be taken up on the left. 
That a station has been made at any particular chainage, 
is noted by a ring round the figures, or by a straight line 
over and under. You proceed offsetting and chaining ; 
800 we shall pass over. You go on again until you come 
opposite to the next bend ; before your reaching this your- 
self, the leader should call out * change,' his ten arrows 
being expended. Having taken your offset at 950, you 
may walk up to your tenth arrow, and there drive in your 
offset staff. Book one thousand, hand over your nine 
arrows to your leader, who also picks up the tenth, and 
goes on again. In this manner you reach the end of the 
line. 

In good chaining, the leader should hold his arrow close 
to the end of his chain, but within it, and the follower 
shoald hold his arrow close also to the end of the chain, 
but outside of it. It is unnecessary to make the leader 
move his hands to get into line, until he is on the line 
himself; then the hand should be made to move with 
chain handle and arrow in it. Before the leader comes 
exactly to the end of his chain, the follower should give 
it a slight check. 

In keeping field books, we always commence a line at 
the bottom of the page and write upwards, just as the 
chaining and the country through which we are working 
lay before us. 

In sketching in fences, always stand on your chain line 
facing your fore object ; this enables you to sketch, in 
your field book, the fences, roads, streams, &c., very much 
at the same angles as they lay naturally with the chain ; 
you will find this a great help in plotting. As you chain 
on, do not sketch in too much of your fences at a time, 
two or three chains forward are quite sufficient; this 
obviates erasures in the fencing. You will find that in 
chaining forward, the fences, and the bends in them, are 
different to what they appear at a little distance. One of 
the most valuable good habits of surveying is the practice 
of careful sketching in your field book^ but it is only to 
be acquired by practice. 
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Great care is always required in booking the stations, 
which should always be made at ten or at least five links ; 
also at the commencement and ending of lines, and in 
showing the angle, obtuse or acute, at which you turn to 
the right or the left for the next line on the survey. 

To know these things, practically, they must be prac- 
tised industriously in the field, and we again advise the 
young surveyor, before reading too much, to have a few 
days' field practice, if only by himself and a lad to lead 
his chain; it will only be then that he will understand 
the value of the hints and suggestions with which we are 
now endeavouring to supply him. 

The outlines of the figures we have hitherto treated 
have been sufficiently symmetrical to enable us to get 
favourable intersections at about the centres e ; that is, 
the angles have been*neither too acute nor obtuse, they are 
greater than 45 degrees and less than 90. This kind of 
figure, however, by no means occurs always. In fig. 4, 
for instance, we have an elongated shape, which would 
not admit of such a favourable intersection of diagonals, 
and we assume another method. ' 

We here lay out the base a b, to go through the length 
of the enclosure, and sufficiently near the stream to be 
able to ofiset it to along its whole length, that is a b. We 
now build up the triangle a c n by setting off d a, equal to 
some six or seven chains, and by putting up a pole or 
selecting some natural object at about c. ad, ac, and on, | 

should be about equal, that is, as far as may be approxi- | 

mated by the eye. In the next place select the station e, : 

up the road as far as you can see ; fix the point f on the ! 

base, so that e f shall be somewhere at about right angles 
to A B. We may now build up the little triangle b g h, in 
the same manner as we did a c n. 

We may now chain all these lines in the manner we 
have set them out ; the tie or check line will be e h. 

In plotting this work on paper, we first lay off the base 
A B, describe the little triangle a c d, open the compasses to 
the length c e, and from c describe an arc at about e ; do 
the same thing for f e, which will give the intersection E, 
and as correctly as the field work is correct. 
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Now describe the little triangle b c h, which will deter- 
mine the point h ; if the whole has been done correctly, 
a scale placed from e to h will give the same length as the 
field book. 

Suppose, for instance, that an error had been made in 
chaining A c, such as a mistake in the arrows, and that 900 
had been booked instead of 800, the point c would be 
higher up the road than it should be ; the laying off of the 
point E would not help us to discover the error, and this 
point also would merely lie too high up the road without 
our knowing it ; but immediately we lay the scale from 
EH, we discover the error, as eh would scale too short, 
unless indeed we had committed an exactly corresponding 
error with the triangle bhg by making gh a chain too 
long. If we had reason to fear any such very out-of-the- 
way errors, we should check the whole work by a chain 
line from h to P, which would check the position of the 
point h. 

This brings us to the subject of ekain angles. 

In the triangle abc, fig. 5, a, b, and c are chain angles, 
the measures of which, for our present purposes at least, 
c B for the angle a, and c a for the angle b, and A b for the 
angle a. Similarly, in fig. 4, the angles at e are chain 
angles, but subtended by two sides each — ^that is, CD and 
DF ; and ho and gf. In fig. 5 the base a b is 15 chains, 
and AC and cb are 12 chains each. There is a station at 
D, and a tie line is measured from c to d to check the 
measurements of the triangle. It is our purpose to show 
that a tie line so placed would be quite insufficient. 

We may suppose, for instance, that an error of a chain 
has been made in the measurement of ac, as shown at a^ — 
that is, that a^ has been measured as 11 chains instead of 
1,200. The measurement of the tie line to the point d is 
no sufficient check, for cd and cd are very nearly equal. 

But if, instead of the station d, we have a station at e„ 
somewhere about the centre of the base, the tie ce is a 
sufficient check, for ce is much longer than ce, and the 
difference in the length is palpable. An effectual tie line, 
as a check, may also be measured from d to e, the differ* 
ence between^ in the triangle which is wrong, and de in 
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the triangle which is right, is too palpable to admit of a 
mistake. 

In the acute-angled triangle, fig. 6, we have exactly 
the same operations. An error of a chain in either of the 
sides AC or BC is not discoverable by the measurement of 
the tie on, for in the triangle acb, in which bc is a chain 
short, the tie cd is very nearly equal to the tie cd; the 
difference at least is so small, that considering the small 
errors to which aU chainage is liable, the chances are that 
one' tie is as correct as the other to all appearance. But a 
tie from c to £ is more satisfactory, the difference 
between ce and ce being much more appreciable. This 
difference, however, is much less satisfactory in fig. 5, 
because the angles at c and c are so acute that the exact 
intersection of the lines ac and bc is not so self-evident 
on the paper, or indeed on the ground, where a very slight 
variation in the direction of the lines would make a con- 
siderable difference in their lengths. 

Similarly, de is an insufficient tie line, being very 
nearly equal toy<^, although cb is one whole chain shorter 
than CB. It would not be much better if this tie line 
were much lower down in the triangles, the difference in 
the lengths not being sufficient. 

The above makes it very evident that in chain surveying 
acute angles are to be avoided as much as possible. It is 
not quite so important in surveying with instruments, 
though even then undesirable, because a theodolite placed 
at B, either in fig. 6 or 6, would discover the mistake. 

To prevent errors in such a triangle as fig. 6, it would 
be necessary to measure a tie line a^ or b cf, as well as c e. 

To Survey a large Enclosure, mch as a Wood, by Chain 
Angles, — We have such a case in fig. 7. Lay out four 
lines enclosing the wood; the nearer they cross on the 
square the better. Take the intersection o for a station, 
and make b a and b d some given number of chains, say four 
or five, so as to be some fair proportion of one of the sides 
of the quadrangle ; measure the side ad, and do this care- 
fully, for it is to determine the measure of the opening of 
the angle ebf. 

Observe here that the paper work will be much more 
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difficult to plot than it will be to do the field work. 
Haying the sides nb, bx, and ad, we can describe the 
triangle DbA, and thereby determine the direction of dc 
and 6b; but at the points c and b any slight error in ad 
will be magnified in the proportion of the lengths of the 
greater lines, and therefore to check the chain angles, set 
off say a couple of chains from btocon the line be, and 
from to d on the line ^b, measure ac and bcI, and also 
cd, if a clear straight line can be had through the comer of 
the wood. 

Observe that these tie lines will all be checks on the 
plotting or the triangle d6a. Chain out bc, making be 
any equal number of chains, if not inconvenient for the 
lines ei and^F. Set off ec and eg some three or four 
chains each, measure ffc, chain the line ei, leaving a 
station at A ; set out EfAr through A ; set off hi, hr, and 
hky each equal to some three or four chains, and measure 
IF and vk to determine the opening of the angle e'^F, and 
check the measurement. Now chain h/, producing the 
line E, and making^E some three or four chains ; the same 
thing with regard to ^b, and measure the tie line be. 
Finally measure the lineyb, completing the quadrangle. 

Of course it will be understood that in chaining the 
Hues be, eh, hf, andyb, we have taken all the offsets to the 
feDces, as also the fences intersected. 

To Plot the Work. — Describe the triangle nd a. Through 
b draw a Jb and d6c, prick off the station c and d with a 
fine needle-point, and apply the scale to AC and Bd, as also 
to cd, i£ this last line has been measured. If these lines 
are found to agree in measurement with the field work, 
we may assume the angle Bic to be correct. Prick off the 
chainage be and b/. from the station e set off with the 
compasses an arc of a circle, with a radius equal to the 
chainage of eh, and from y, with the compasses, set off 
an arc with radius equal to h/; prick off the intersection 
which determines the position of h ; through A draw gfi 
and EF, make hi and Af of their proper lengths, as also/E 
and /b, Now measure all the fines — that is, Cff, Af, F2, 
and BE. If these agree with the field book, then both the 
field work and the plot may be considered as correct. 
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In fig. 8 we have an area similar to that of fig. 7— that 
is to say, it is inaccessible internally, being a large lake ; 
but although we cannot chain through it, we can see over 
it, which oflPers some advantages in making the survey 
and in checking the work» 

We may commence the work by setting out the four 
lines which enclose the area to be surveyed, and we may 
set out the triangle d6a, by producing the two side cJ to 
D, and B i to A, making each line produced of a given 
length, and then measuring the third side da. After 
having proceeded with the four sides and the chain angles 
in the manner described above, we may check the work 
in the following manner : — 

Set out the line from i to n, and by standing at station/J 
ascertain where it intersects /A and/5, measure ik and hk, 
also db and Jd. In the same manner set out bc, and 
ascertain where it intersects the line /h and eh, measure 
bI andy?, also ec and em. Other lines may be set out in 
the same manner. If the field work has been correctly 
done and plotted, all these little tie lines will measure on 
paper the same as they do in the field book. 

Here, again, we would recommend the pupil to practise 
in the field before proceeding further with his reading. 
By doing this he will make himself familiar with the use 
of the chain and the poles, and in setting out lines of some 
fifteen or twenty chains before coming to long bases ; he 
will thus get accustomed to the little difficulties to be 
overcome in practice, in laying out lines and in chaining 
them, in offsetting, and keeping his field book neatly and 
in an orderly manner, so that it may not be as useless as 
an entangled cobweb. By plotting his work, and attend- 
ing to every tie line as a check, he will get used to straight- 
edges, scales, and compasses. He must not allow himself 
to be led into the delusion that because he has read these 
few elementary pages, he is perfectly competent to under- 
take a survey of even a dozen acres. But if he puts our 
recommendations into practice, he will soon overcome the 
first difficulties of field work, and he will be far more able 
to follow us in more complicated matters, and to 
apprehend the application of our various suggestions. 
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In offering this advice we feel perfectly safe, because we 
well remember our own deficiencies when making our first 
practical field-work experiments, now many years since. 



FENCE AND DITCH. 

In order to keep our first instructions as clear as possible, 
we have hitherto avoided complicating our explanations 
with any reference to * fence and ditch.' 

Supposing we are standing in a field, with a fence 
between us and the ditch, we may, as a general rule, 
consider that the ditch belonffs to the field in which we 
are standing ; consequently, it would not be correct, in 
surveying through such fields, to chain or offset up to the 
centre of the fence as the boundary of the field. It is the 
brow of the ditch which should be taken as the boundary ; 
but although ditches are often eight or ten feet wide, the 
allowance made for the width of ditch is generally taken 
as six links of Gunter's chain. 

Supposing, therefore, that in the case above we chain 
up to the fence, and find that the intersection of the 
* stick ' or ' quick ' is 84 links, then we should add 6 links, 
and enter 90 in the field book ; similarly with regard to 
offsets. 

But let us now suppose that we are coming from the 
other way — that is, that we cross the ditch before reach- 
ing the fence. Then, instead of adding, we should deduct 
the six links. If, for instance, the chain crossed the quick 
or centre of the fence at 84 links, we should make a 
deduction of six links, and enter 78 in our field book. 

It must, however, be carefully observed that this 
allowance of six links is on the supposition that we are 
crossing the fence on the square ; if we cross a fence very 
obliquely, a much greater allowance for the chain inter- 
section will be necessary. Where we have reason to be 
particular in this matter, it is best to put the point of the 
staff square into the fence, and see where the sixth link 
on the staff will intersect the chain ; this will give us the 
correct boimdary. 

In making working surveys, or for the transfer of 
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property, this matter of boundary is to be carefully 
attended to ; the neglect of it might render the survey 
worthless. 

We have said above that six links is the allowance to 
be made, generally. In some cases, however, a greater 
allowance has to be made, and, as a rule, where we have 
careful surveys to make, it is safest to make local 
inquiries. Where we come to palings, we have only to 
remember that the nails are driven from home, in order 
to guide us about the ditch. For walls, we take the wall 
as boundary, unless it happens to be a party wall ; but this 
is a matter in which it is very easy to obtain accurate 
information by making proper inquiry. 

Where we meet with ditches on both sides of a fence, it 
should be shown on the field book, and information 
obtained at the first opportunity. 

INACCESSIBLE DISTANCES. 

In surveying, we often find that we come to distances 
which we cannot obtain the length of by direct admeasure- 
ment. For instance, we may come across a pond, the 
comer of a wood too thick to chain through, a building, 
or a river, &c. 

In fig. 9, the chain line A b comes across a pond, perhaps 
four or five chains in width. Take any convenient point 
c ; set out the line cd, so as to clear the edge of the pond ; 
on coming to about e, see where you can clear the edge of 
the pond again, so as to be able to chain to/; make marks 
at c, e, and f, Now chain ce, and make ed equal to ce ; 
make a mark at d\ set out eg in line with/ie; measure /e, 
and make eg equal to it ; make a mark at g. Now ascer- 
tain by measurement the length of g d, which is equal to 
and parallel to cf. This is one of the little matters where 
the chainage often gets wrong by mistake being made 
with the arrows. • 

Let us suppose that in chaining along the base line A b, 
we find that the leader's end of the chain will fall in the 
water. Lay the chain in line with b, as far as it will 
extend to the edge of the pond^ and let a chainman go 



INACCESSIBLB DISTANCES MEASURED BY CHAIN. 47 

round to the other side, to set up a white, some few chains 
forward. Select a point on the chain, a forty or fifty 
links, from which you can see clear of the edge of the 
water, toward d ; say that up to c the chainage is 2,450 ; 
enter this in your field book at once, observing first 
whether your leader has ^ix arrows in hand, there being 
none at the forward end of the chain, which would be in 
the water if the chain were stretched out. Chain on 
towards rf, and find a station at e, from which you can 
clear the edge of the water in setting out fg ; make a mark 
at e, and make ed equal to ce. Now move on towards /, 
and make a mark there, exactly in line with b (the white 
sent forward), and with e ; drive a peg at f and set out 
the \mefeg ; measure^^, and make eg equal to it. Mea- 
sure dg^ which is equal and parallel to cf Let us suppose 
that it measures 368 links; then 2,450+368 = 2,818. 

Then the chainage of the point f will be 2,818. Take 
the chain up to this point, and lay the end of the eigh- 
teenth link on the chain at/; see that your leader has two 
arrows in hand, and your follower eight. Lay your ninth 
chain, measure from c to the edge of the pond, and also 
fromy to the other edge. 

The whole of fig. 9 will require to be sketched in your 
field book, in order that from the line ce and fe you may 
get in the form of the pond at the end where your chain 
lines have been laid. The chainage of the base may then 
be continued. 

Instead of c falling at 2,450, say that it is 2,850 ; the 
ten, or change of arrows would have been between c and^ 
if the line had been clear; 2,850+368 is equal to 3,218. 
Tou will have to book 3,000 as being in the pond. As 
before, you will have to lay the eighteenth link of the 
chain at /*; your leader will have to take forward eight 
arrows, lay one at the end of the chain, and your follower 
will have to retain two. 

In fig. 10 circumstances are rather different. We have 
here a river to cross on the line a b, and we must adopt a 
different method to obtain the width of it. 

Let a chainman go forward with a pole, which is to be 
firmly set up exactly on the line a b^ at about the point c. 
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Then make ed equal to a given number of chains, say 
four ; set up dg exactly at right angles with the baseline, 
and make dg a given number of chains, say three. Set 
up a pole at g, and another on the line e f ranging true 
with G c. Measure ef with care, and say that it is equal 
to 442. Now multiply gd by de, that is 400x300. 
Divide this by ef=gd ; the quotient is equal to DC, 
As a formula we shall have 

GD X de 

DC== =. 

ef — GD 

In the present instance de will be equal to 845. 

This problem is very clear in itself, but requires some 
care in carrying out in practice. If gd and ef are not 
parallel and vertical to e c at the points d and e, there 
will be no truth in the results, and if the bank of the 
river e d is rough sloping ground some care is required to 
make these lines what they should be, that is, for careful 
surveying. We are not now referring to approximate 
work, the practice of which the student will gradually 
drop into quite soon enough in all probability ; this we 
shall refer to hereafter. 

In order to test gd and ef, produce them to k and J, 
making dk equal to d d, and e j equal to ef ; if all is right, 
c, K, and J will all range in one line as well as c g f ; if 
otherwise, there is an error, which must be corrected. 

In setting up perpendiculars, more particularly on 
sloping ground, and where no instruments are made use 
of, the following method of using the chain may be had 
recourse to. 

From D, set on the base line twenty-five links on each 
side of D, so that mn shall be equal to half a chain ; at 
each of the points m and n pin down a handle of the 
chain. Take the fifty mark in hand, and draw the chain 
out towards g, until the lengths mf and nf are equally 
taut, A line from d, through f^ will be a perpendicular 
to D c. 

Another method for measuring an inaccessible distance 
is shown at fig. 11, where ab, the base, crosses. a river, the 
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distance £C being inaccessible. Having fixed on the points 
E and c on the opposite sides of the river, and exactly on 
the line ab, range out any line as cd, and set up a pole at 
any convenient point as g. Measure de, and at half the 
distance f set up a white, perfectly vertical, or a pole. 
Set out 6 H, measure gf, and make fh exactly equal to it ; 
produce dh to intersect the base at i. 

Measure hi, ei, and eg ; then hi is to ie as eg is to ec. 

If the base had been the line DC, instead of ab, the 
length of GG might be ascertained by the same problem, 
for IH is to HE as EG is to go. 

Laying otU the Base Lines of a Survey over an extensive 
area generally requires very considerable attention, more 
particularly if this area is very irregular or unsymmetrical; 
it is often necessary to perambulate the ground once or 
twice before deciding on the lines which are to compass 
the survey, or on the diagonals* It is, however, quite 
possible to waste time by doing this too often, or at least 
oftener than is absolutely necessary in practice to procure 
a good survey. 

There are two or three maxims to be attended to in 
laying out such base lines ; the diagonals^ for instance, 
should intersect near the middle of the survey ; all angles 
should be as nearly as possible equal to sixty degrees, and 
the ground should be divided into as few triangles as 
possible. Where we have such areas as are shown in figs. 
2 and 3, acting on these maxims offers no difficulty ; this 
however but seldom occurs, and instead of figures which 
may be encompassed by quadrangles of pretty nearly 
equal sides, we often meet, on the contrary, with areas for 
which they would be totally unsuitable. 

For instance, in fig. 4 diagonals would intersect at very 
acute and obtuse angles, which renders the correct inter- 
section very uncertain; and in fig. 12 the quadrilateral 
has two opposite sides very unequal, and the intersection of 
the diagonals is very far from the centre of the survey. 
A more suitable figure is the triangle efb. This would 
be ascertained by going once over the ground, even sup- 
posing there was no former map to consult. Even this 
much shows the advantage of walking round the boundary 
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of the area to be surveyed. If to this we add the precau- 
tion of examining from the interior, selecting for this 
purpose the highest ground, and noting objects selected on 
first going round, the direction of the diagonals or inter- 
secting bases will be pretty well defined. 

Having, for instance, decided, in fig. 12, on a triangle 
instead of a four-sided figure, we know, from what we 
have already observed in a former page of this chapter, 
that the intersecting bases oi and bh should fall as near 
as possible at about the middle of the sides ab and ef. 
This point being settled, we have only to examine the 
ground a little to see where we can lay out these lines, so 
that they shall run sufficiently near fences, streams, &c., 
in order that we may pick up as much offsetting as 
possible along such base lines. We must also as far as 
possible see that they run near, but not through, the 
intricate portions of the survey, so that we may have 
stations conveniently near such work, to start secondary 
lines through. For instance, unless the survey is very 
extensive, the bases fg and bh should lay so that we may 
run useful lines from them into the enclosing bases ef, 
FB, and BE. If the main bases of the survey were a couple 
of miles in length, these secondary lines would not be 
more than forty or fifty chains. A few of these so com- 
pletely divide the principal triangles, that the remainder 
of the work is very simple. Hence the advantage of a 
careful examination of the groimd in the first instance. 

Not only do we thus obtain symmetrical and well- 
balanced triangles, all the sides of which are well checked 
by lines which are useful base lines, but we also reduce 
the labour for the remainder of the work ; there is 
no going backwards and forwards to see where such 
lines should lay ; they, the secondary lines, are of such 
inconsiderable length that at about the middle of them we 
can see both ends, and the work they will pick 
up by offsetting ; there is but little trouble in sighting 
them, and one or two poles or very few whites are «dl that 
will be required. 

For surveying by chain only, the system of dividing 
and subdividing triangles^ by similar figures, is the most 
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Riritable; it is the most easy, unless your triangles are 
badly set out ; errors are readily open to detection, and it 
is the easiest and most accurately plotted. 

We very often, however, meet with surveys on a large 
scale, the outlines of which are so unsymmetrical that it is 
almost impossible, without great labour, to enclose them or 
divide them by triangles, with well-proportioned sides and 
angrles. We meet with a case of this kind in fig. 13. 
After going over the ground two or three times, we found 
it best at last to set out a couple of diagonals, ab and ed, 
intersecting at c, pretty nearly at right angles. The sides 
AD and DB gave us two good triangles, and the main 
triangle adb was'tested by the position of the tie nc. 

It was, however, evident that in plotting this triangle, 
and the lines so far, we should have to lay off ce by pro- 
ducing D c. We therefore had to check the position c e ; 
this was done by chaining a line from e to g, laid out at 
the same time so as to take up some of the fencing by off- 
sets ; we took a further check by chaining a line from l 
on e c to the other end of the base b. This line l b had 
verv little work on it, but it was a good tie. The exact 
position of L was determined, not only because it would 
pick up the fencing near a, but also between f l, in the 
interior, though this portion of the work is not shown. 

In fig. 14 we have another unsymmetrical outline, but 
it was pretty well enclosed by the main triangle abc, with 
fairly proportioned sides and angles. We had now, how- 
ever, to deal with the hollow B n M g ; to get at this, we 
threw up the internal triangle df g, producing d f to e, 
which gave us a good check on the main triangle, the 
whole of which was further tested bv the tie f l ; further, 
E F and F L are tie lines for the smaller triangle d f g, had 
this been needed ; but the line d e being fixed in position 
by chaining from station d on the line b c to station e on 
A c, its being measured correctly would to a great extent 
prove itself; it was essentially a tie line, g also is a fixed 
point, being a station in b c, and r also has been made at 
fixed points well ascertained, by being a station on the tie 
line D E ; therefore f g is a tie line, proving the former 
work, and at the same time its own chainage. It was 
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safe to produce such a line for the short length g h, so as to 
fix the point h, and the length and direction of g h were 
tested by the tie line from h, through the station i on to 
the station k, the three points being all in one line. 

It may thus be seen that very good work, even on a rather 
extensive scale of land surveying, may be done with the 
chain only. This is in a great measure effected by the 
surveyor combining in his mind, from the first, the 
secondary lines with the first, in the course of his first 
walk over the ground, which he should take leisurely and 
with as much observation as possible of everything in the 
shape of marked objects, particularly prominently shaped 
or remarkably coloured trees. On a second examination, 
by having in mind the position of such objects, he will 
probably be able to determine pretty nearly, if not quite, 
the position of such points as a b c, by standing himself 
at one of these, always supposing however that he has not 
a great wood on one of the outside lines, as this would 
probably alter the face of things altogether, and lead him 
to adopt a quite different form. 

If the points a, b, and c are all above the ordinary 
level, this will of course materially assist our operations ; 
for one of these points being on high ground may be made 
of great service in giving us something like a view of the 
other points. Instead of being on high ground it may be 
the reverse, and every one of them may be in a hollow. 

By two persons, however, standing on the highest 
ground, about one hundred yards apart, on either side of 
the three bases, they may approximately sight each other, 
so as to determine pretty nearly how much any two distant 
points, as for instance c and b, will require shifting to the 
right or left ; and similarly with regard to the other two 
lines, B A and c a. We do not recommend too much time 
being spent over this operation, for instance as to whether 
A, B, and c shall be two or three chains, this or that way ; 
at the same time let it be well remembered that a total 
disregard of the subject may have for one consequence the 
chaining of lines through a blank country, that is, on which 
very little offsetting may be picked up, which will neces- 
sitate parallel lines being chained for taking up the off- 
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sets only, and which may nearly double the amount of 
work. 

For this kind of work, that is, surveys of an extensive 
area, we always have our poles about twenty feet long ; 
we have described them elsewhere. In fine weather we 
have two of them tied together, one above the other ; this 
gives us about thirty-five feet, and with a little red and 
white flag at top we can generally see this a mile or two 
off, above the fences, particularly if we take the trouble to 
look for ground a few feet above the ordinary level. 

In windy weather, however, the matter is more trouble- 
some, and we want something stronger ; for this purpose 
we often hire two or three of the lightest scaffolding poles 
we can secure, and tie one of our flag-poles to these. 
Unless we can find a tree handy, against which we can 
lean this long pole for an hour or two, it may be necessary 
to leave a couple of men to hold it up, after we have partly 
stayed it as well as momentary requirements will admit. 
It does not take much time to do this, nor is it very 
expensive ; even on a long base and in a hilly country, 
one day should completely establish the position of a good 
base. 

Of course this is very dull reading to the practised sur- 
veyor ; but probably he will remember the time when all 
these little suggestions would have saved him much time 
and labour, as well as results less satisfactory than they 
would have been if some of these precautions had been 
adopted. 

We have often to make surveys of estates not within a 
ring fence ; the property lays in scattered groups of fields, 
but they require being laid on the map in the exact position 
in which they are situate on the ground. To some extent, 
therefore, the properties around require to be partially 
surveyed, at least chained through, particularly where 
there is an opportunity of purchasing any of the property 
outside of the estate. We have an example of this kind 
in fig. 16. After what we have already said on the 
subject of bases, the reader may judge for himself how 
some of these cases have to be managed, and he will 
also see that there is much more trouble and expense 
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attendiDg these surveysE^ acre for acr^ than in an ordi- 
natj case. 

Vfe win take one more case deserving ccHisidsntion. 
This was a sonrey on the coast, where there were some 
loftj eliffii which reqidied to be indnded in the surrey, as 
well as the foreshore as tar as low-water mark ; there were, 
besides^ two deep and wide laTines projecting inwards 
from the cliffii; the outline and base lines are shown at 
fig. 16. 

There was some doubt about the two base lines ab 
and BE* 

Almost the whole of the ground was coTered with 
wood, B E was set out as the first base, but as the work 
progressed it was considered too fiir from the boundary ; 
it was, however, carried out throughout its whole length, 
because it took up a considerable quantity of o&etting, 
and because it was a good line to start others out of to- 
wards the clifl^ without the imperfection and trouble of 
sighting and chaining lines through the woodlands ; but 
it was in no way considered as a tie on the great triangle 
ABa 

The base b c gave us no trouble ; the main tie on the 
great triangle was the line f g. 

We made use of the two bases A b and £ b by running 
lines which intersected and tied them at the same time 
that they gave us the offsetting for our very irregular 
boundary. For instance, we had the triangle l n b, of 
which the side l n out of b e intersected a b at m ; and l k 
intersected it at o ; between p and k was all thick wood. 

With regard to the lines a c and d c, the relations were 
somewhat analogous to those of a b and £ b. On a c we 
had two bad places, the crossing of the ravines, where the 
cliffs were very deep, about seventy feet, and where more- 
over they were ftdi of brushwood and very rugged. This 
line was only sighted throughout, and accessible portions 
were chained, as c w and x o, &c. 

Another base, c d, was chained, and tie lines x X} v w, 
b s T, &c., were run tying the whole ; these lines took up 
the fences by the side of the ravine, which at s v was 
shallow and clear, and gave us no trouble. 
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These few hints have been given to explain how by a 
little study, even disadvantageous circumstances may be 
made use of without entailing too much trouble. 

We have already alluded to the cliffs and foreshore, 
which required connecting with the main survey. 

This had to be done with some considerable care, 
because we had to show the foot of the cliffs, high and 
low-water mark, and all the ledges of rock, which con- 
sisted of valuable limestone valued at 7s. per ton. 

A valuation of this was required, and to obtain the 
means of doing this we had to take numerous sections to 
show the quantities of rock above low-water mark at 
spring tides. 

The theodolite had to be used to set out the projections 
of the bases and secondary lines down below the edges of 
the cliffs. Although the subject of surveying with instru- 
ments is beyond our present range, and as we shall very 
shortly have to describe the theodolite and its use, we will 
refer shortly to the means employed, to prevent our re- 
ferring to this particular subject further on. 

The lines b c, x w, &c., and some of the secondary lines, 
had to be produced towards the sea as far as possible ; they 
were therefore produced first to the edge of the cliff, which 
was in all places very abrupt, and in some cases nearly 
vertical. A few poles were set up on the back lines, and 
the theodolite set up as near the edge of the cliff as pos- 
sible ; the instrument was planted so as to make the axis 
of the telescope range true with all the poles ; the tele- 
scope was then reversed, and two poles set up in line, 
one as near the foot of the cliff and the other as far out 
on the ledges of rock as possible. Of course the lines on 
the foreshore uniting these points were all tie lines. 

But we had also to find the horizontal distances between 
these points and the edges of the cliffs ; the lengths, some 
of them upwards of 350 feet, were all measured with long 
line twine, which was afterwards measured with the chain ; 
these lengths were all diagonal, and not the horizontal 
distances required ; the angles of inclination were there- 
fore taken at each point, and the horizontal distances were 
reduced in the following manner. 
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The theodolite being set up at a, fig. 16a, its height 
above ground was measured with a tape ; a levelling staff 
was held at b, and the intersection of the hairs of the 
diaphragm was made to intersect at the same height on 
the levelling staff. The instrument was then clamped, and 
the angle of inclination was read off on the vertical limb. 

In one case, that in hand, the reading was 33° 10', and 
the length ab was 165 feet. 

Now observe that db, which is the horizontal distance 
of b from A, is the line of the angle bad ; from the tables 
of natural lines take that due to the angle 33° 10', which 
is equal to 0*5471 ; multiply this by 165 feet, which is 
made radius ; the product, equal to 90*27 feet, is equal to 
the horizontal distance required, and to be plotted on the 
map for the point b. 

Similarly the angle of depression to c was 45° 22', and 
the length ac was equal to 210 feet ; the natural line of 
45° 22^ equal to 0*7116, multiplied by 210, equal to 
149*436 feet, which gives the horizontal distance ce, also 
to be plotted on the plan. 

The differences of level were not important to our work, 
but we ascertained 'these also as matters of interest 

A D is the difference of level between a and b, and also 
A D is the cosine of the angle dab, being a perpendicular 
to the line db, and intercepted between it and the centre a. 

The natural cosine of the angle 33° 10' is 0*8371, and 
multiplying this tabular number by 165 gives 138*12 
feet, equal to ad, the difference of level. 

Similarly, the natural cosine of 45° 22' in the tables is 
0*7026 ; multiply this by 210 feet, the inclined length 
from A to c ; the product, equal to 147*546, is the differ- 
ence of level between o and a. Nothing can be easier 
than this, and the use of the most ordinary tables of 
interest is not more simple. Of course we have not given 
these examples for the practised surveyor or the mathe- 
matician, but to induce the young surveyor to study the 
application of such simple trigonometrical calculations. 
We wish we could find a more simple expression, for we 
believe it would lead to a more extensive practical study of 
the subject. 



CHAPTER III. 

CHAIN-SURVEYING. 

THB BTTBTBTS OF ESTATES, AND B0AD8 AND BAIWAT8, WITH 

THE CHAIN ONLY. 

We are not partial to the practice of making extensive 
surveys with the chain only ; it has, however, often to be 
done, and there is no reason why it should not be done 
with perfect accuracy ; we only consider that it takes up 
more time and gives much more trouble than when the 
proper instruments are used. 

We give an estate survey at fig. 17, made with the chain 
only. 

It is always an advantage in such a case to have any 
old map or plan, however indifferent it may be, as it 
affords great assistance in the laying out of the chain 
lines ; in this instance, however, it was not forthcoming ; 
we had therefore to examine the ground well at first before 
laying out our lines, and the view in some instances was 
marred by a considerable growth of fine timber. The first 
thing to be done was to lay out our main lines through the 
estate and enclosures. We took the highest ground for 
our first point of examination ; this was at about a. 

There was a large tree in the distance, out of the estate, 
standing by itself, and in the direction of line 1 ; we had 
therefore only to choose our point a for commencing at. 
In this we were guided by the object of getting a line on 
which we could obtain as much offsetting as possible right 
and left. 

The point a being definitively chosen with a view 
to lines right and left of a, we left a pole there, that 
we might be able to see the starting-point in our farther 
preliminary examination of the ground ; in order, also, 
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that in doing this we might have the direction of the line, 
we sent on a chainman to set up another pole at about 
half way on the line. Having directed the planting of 
this pole, we walked along the line, examining the side 
lines that would be required, with two objects in view — 
the offsets we should get upon them, and also there being 
good tie lines. 

On getting at about the middle of the ground, where we 
could see to the right clear of the farm buildings and the 
orchard, and to the left clear of the wood, we looked out 
for another line, to go as much as possible through the 
centre of the estate. We should have liked to get nearer 
to the point a, but this would have involved running 
through the farm buildings and through the wood, which 
would have caused delay, and would not have given us 
more offsetting. 

This led us to the left of the grounds, when we pretty 
well determined on the line 4, at least approximately ; we 
returned to the base line 1, and determined the inter- 
section of line 3 and line 1, because from this point we 
could get a good line 7, to take up the fence of the wood, 
give us a good station in the road, and from the end of 
which we could return to point a. 

This being settled, we went up the road to the other 
end of the estate. 

We here examined the position of line 2, with regard to 
its taking up offsetting ; with regard to its commencement 
in connection with the end of line 1 and commencement 
of line 4, and with regard also to its termination and the 
commencement of line 3. Line 2 was then poled out, a 
pole left at the end of line 1, and we walked back down 
line 4, boning it out as we went along ; determined the 
end of it in connection with line 5 and the point a. 

Our main lines were thus all determined upon. The 
chain was cast out at a, and the chaining commenced from 
this point. The stations we left will all be seen by the 
intersection of other lines with line 1 ; they were almost 
all fully determined as we went along, so that there should 
be no after delay when we came to the side lines. Thus 
when we came to station 1,060 (see * Field Book,' line 1), 
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we determined the line 10, by setting up whites in the 
dii:eetion it was to run ; and the same as regards line 9 ; 
in doing this we had regard to the road lines. 

On coming to our main intersection of line 1, we looked 
out for the pole left at the end of line 2, and determined 
on station 2,770, line 1, with due regard to the production 
of line 3 into line 4. At 3,590 we left a station and 
white for line 15, and terminated line 1 at 5,060. 

From the end of our base we turned acutely to the left, 
on for line 2 at once, it having been boned out ; settled 
about the new triangle to teke the stream on the 
right of line 2 ; determined the station in the road at the 
apex of this triangle, so as to get a tie line, which should 
run down a portion of the road ; and chained straight on 
to the end of line 2. 

Before commencing line 3, and being at the end of the 
estate, we boned out line 15, with the assistance of the 
white we had left at station 3,590, line 1, and set out 
line 16. 

We then chained line 3, left a station at 930, to run a 
line back to line 16 by the side of the stream ; chained on 
to intersection 1,505 on line 15, on to 2,735, or 2,770, line 
1, and to the end, taking the intersection 3,960 of line 4. 

We then went back to the end of line 1, commenced 
chaining line 4, and chained on, leaving the necessary 
stations until we reached our intersection of line 3. This 
gave us 2,700 on line 4, or 3,960 line 3. This closed our 
day's work. 

In the evening we plotted the work as far as it had pro- 
gressed. We will now say a few words about this. 

The chain used on the survey was the 100 feet chain, 
and the work was plotted to a scale of 200 feet to the 
inch. The base line 1, being 5,060 feet long, the line on 
paper would be •a little more than 25 inches long, or 
.25*3 inches. This is not a very long line, but some little 
care is required nevertheless in laying it down. 

Plotting the Day^s Work. — Lay your straight-edge on 
the sheet of paper, which should be quite flat, and lay a 
weight at either end of the rule to keep it steady. Use a 
sharp-pointed pencil, and draw in a long straight line, by 
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keeping the point of the pencil close against the edge of 
the rule, and by holding it perpendicular over the paper 
the whole way. This being done, take your scale, which 
will probably not be more than one foot long, and lay the 
zero at the point on the line which yoil have selected for 
station a, and with a needle-point prick off the first 24 
chains, which wiU give the utmost length of your scale ; 
now move the zero to the 24 chains, and repeat the opera- 
tion ; lastly, prick off the remaining 260 feet. Now lay 
your zero at the 5,060, and repeat the operation the other 
way, to test your work and the scale. 

If you find all correct, you may now prick in your 
stations, from a, round each of which draw a little ring in 
pencil to distinguish them, and number them according 
to your chainage. 

We have now to get in line 2; up to the terminal 
station it measures 8,450 feet, which is too great a length 
for any ordinary compasses; we must, therefore, have 
recourse to the beam jcompasses, by means of which we 
can describe arcs of any length, eight or ten feet for 
instance, if the beam is long enough. 

In order to get the length of line within the beam com- 
passes, lay off with the straight-edge a line on the paper 
to answer the purpose of a long scale ; on this prick off 
the length you require, in this instance 3,450 feet ; take 
this distance within your beam compass, and from station 
5,060 describe the arc of the circle for line 2. 

We may now refer to station 2,770, line 1 ; up to which 
point, from line 2, the chainage was 2,735. Having laid 
this line off on the scale line above referred to, take it 
with the beam compasses, and from 2,770 describe an arc 
intersecting the former one. With the straight-edge, 
draw in lines 2 and 3, very carefully producing the last, 
as it intersects line 4. The lengths may now all be tested 
with scale, and line 3 produced to the length of 4,200 feet, 
making a station with needle-point at 3,960, where line 3 
intersects line 4; from 3,960 draw a straight line to 
5,060, the end of line 1, and see if with the scale it 
measures 2,700, 

This is merely for the purpose of testing the day's 
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work, because the triangle formed by lines 1, 4, and 5, 
should be laid down independently, in the same manner 
as the former triangle ; the station 2,700 should then be 
pricked off on line 4, Irom the end of line 2 ; we should 
then carefully examine two things : the line from the end 
of line 2, drawn through intersection 2,770, line 1, to 2,700, 
line 4, should be perfectly straight, and the portion between 
these two stations should give exactly the length shown 
in the field book. 

"We believe enough has been said with regard to the 
work up to and inclusive of line 5. The triangle formed 
by part of line 1, and lines 6 and 7, shows plainly that it 
was laid out to take up the fences ; this triangle was tested 
by line 9, which was carried on to line 6. Line 8, along 
the road, was run from a station on line 6, into a station 
on line 9 ; and this line would be laid on paper in the same 
manner. Similarly the next line in the road was run 
from the end of line 8 on to a station on line 7 ; the next 
from the end of the last line on to a station on the road on 
line 3. Line 13 was run from a station on line 9 on to a 
station on line 4, the intersection with line 3 being taken, 
and a station left for running line 14 into a station on 
line 1. 

We have referred to all these lines to show that they 
are to be plotted on paper by the same means they are set 
out and chained in the field ; that is, by drawing straight 
lines from and to given points on the paper, and which 
are given by the fact that they are pricked off on given 
lines. 

In the course of the preceding observations, we have 
referred to the scale line laid down on the paper. It is to 
be noted that paper almost always contracts very much in 
the course of time. It is also very liable to be affected by 
atmospheric influence, and, on different days, long lines 
measured with the scale may be of very different lengths. 
But if we have a scale on the same paper, it will contract 
and expand with the other lines laid down on the plan. 

For these reasons, the plots of extensive surveys should 
always have a scale laid down on them from the beginning 
of the work, and where great accuracy is required, there 
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should be two different lines with the same scale upon 
them, one at the foot of the plan, along the breadth, and 
the other up the length of the paper, the contractions in 
these directions being sometimes unequal. Let it be 
understood that we are now referring to surveys where 
accuracy is of importance. 

Scales are liable to be affected by the same influences, 
and in the same manner ; that is, expansion and contrac- 
tion, but boxwood less than ivory. 

A matter, however, of even greater importance, is the 
elongation which surveying chains are liable to from hard 
work ; they have been known to be as much as three and 
four L'nks too long. 

The chain should, therefore, be often tested — new chains 
almost every day, when hard work is going on, and com- 
pared with a standard chain ; in disputed cases, this latter 
chain is sometimes made use of instead of the ordinary 
one. 

But to return to our everyday work; when the sur- 
veyor reaches his quarters, before commencing his work, 
he should cast out the chain on a piece of level ground, 
stretch it straight and drive in a couple of stumps at the 
chain length, nearly flush with the ground ; then drive a 
strong nail into one of them ; over this pass one handle of 
the chain; pull tight over the stump, and drive in a nail, 
at the chain end, into the other stump. This will give a 
standard with which the length of the chain, if new, 
should be compared every day, and always at least every 
two or three days. When it is found to have lengthened, 
the elongation should be measured, and the chain should 
be taken to the nearest smith to be shortened in the 
presence of the surveyor himself; otherwise one or two of 
the rings uniting the links may be taken off. 

We have here supposed that the chain when first about 
to be used, is known to be of the correct length ; if this 
has not been previously ascertained, we must attain our 
standard by different means. 

Drive in a couple of stakes some distance apart, more 
than a chain length, and strain a cord tight between 
them ; from one end, where a nail has been driven in, set 
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out along the length of the cord the length of a chain ; 
this may be done with a ten-feet rod, or a tape if you are 
sure of its length — we prefer the former ; measure the 
length over again, to be sure it is correct, and drive in 
the other stump, and the nail at the end of the exact 
chain's length, as measured with the rod. There shoidd, 
in fact, be two such rods, placed end to end, the first being 
moved on when the second has been laid. In ordinary 
cases we may dispense with one of them, by driving the 
point of a knife at the end of every length as the rod is 
laid. 

Railway and Rocul Surveying with the Chain only. — For 
this work our operations are similar to those above de- 
scribed, but we have only a long strip, instead of great 
breadth as well as lengtn, generally not more than ten 
chains (Gunter's) on each side of the centre line ; imless 
in very particular cases, the work is not done with that 
minute care which we should bestow on surveys for the 
transfer of property. We are now referring to Parlia- 
mentary or ywa^e- Parliamentary work. 

Very often, indeed, these surveys are merely approxima- 
tions to accuracy, and sometimes even there is a consider- 
able amount of guesswork about them. The student must 
bring himself by practice to understand how far he may 
venture in exchanging rapidity for accuracy; it is very 
certain that the description of work we have been 
describing above would not give the satisfactory amount 
of chaining for a day's work, for Parliamentary work. 

In fig. 22 we give an example of railway surveying, 
where we shall endeavour to explain, as clearly as possible, 
how the work is carried on, quickly and with sufficient 
accuracy for the purposes required. 

In the first place, we shall suppose that we are working 
at home, which differs very widely from the surveying 
operations which the engineer has to carry on abroad, at 
least, in most countries to which the English surveyor is 
sent. We will further suppose at first that we are 
working without any other guide than the Ordnance map. 

This map is to a scale of one inch to the mile, and shows 
roads, railways, rivers, canals, streams, buildings, hilly 
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ground, and all leading features, but none of the details of 
the properties to be traversed in the course of the survey. 
Consequently, the surveyor has only these features to 
guide him in selecting his chain lines, and it is only after 
a little practice that he becomes acquainted with all the 
value of this map as a guide. 

The portion of Ordnance map handed to the surveyor 
shows the general route, generally marked in red, and 
laid down by the engineer in charge of the proposed 
works. This and the above-mentioned features, roads, 
streams, &c., must guide him over the country in laying 
down his chain lines. The student will do well to 
familiarise himself not only with the Ordnance map 
itself, but also with the way it is to be used in the field ; 
this he may readily do by always taking about with him 
in the country the Ordnance map of his district ; by 
frequently consulting it he will become acquainted with 
the manner of using it, not only for ordinary purposes, 
but for those we have now in hand. 

We must now suppose him to have reached his quarters, 
and to be supplied with so much of the map as contaios 
the work confided to him, to have engaged his chainmen, 
and to be starting for his first day's work. 

One of the great advantages of the Ordnance survey is, 
that every little block of buildings, even small famus^ have 
a name attached to them; unfortunately, however, the 
people about the country do not generally know it, and it 
sometimes takes some time to get a fair start — that is, to 
be able to say, * There is " so and so " farm or mansion, 
and my work passes within a few chains of it; ' but having 
once got a starting-point, it is very easy to connect other 
buildings along the line with those shown on the map. 

In our example there is a little block of buildings at N, 
which will at once be a guide, also the fork in the road ; 
the road runs down towards the sudden bend of the railway 
line from the buildings, to a sharp skew crossing of the 
road, at a certain distance from the fork of the roads. 

These are quite sufficient to get a fair start on the field 
work ; now for laying out the chain lines. We see by 
fig. 22 that we can get on to the ground by two roads ; in 
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choosing the end at which to commence our laying out, 
we shall probably be guided bf the selection of high 
ground, from which we can get a view of the country 
right and left. 

We had high ground at b, in fig. 22, from which we 
could see forward in both directions. The Ordnance map 
was held so as to lay north and south, and then, looking 
oyer the country towards A, we caught sight of a tree at a 
distance ; and although a line from a to b is rather off 
the works, we took it as a first base, because the whole of 
the ground had to be surveyed. , 

The chain and some of the poles had been sent on to a, 
or we should have commenced work at once at b, but 
we took advantage of being on the spot to set out some 
side lines, e d c, to look at the work beyond b and q, where 
the works were to take a sharp reverse curve, to set out the 
line o 6 as we went along towards the point a, the exact 
position of which was ruled by the line J a. With three 
poles and a few whites the whole of the work was set out, 
and a pole left at a ; the chain was cast out, and we 
chained on for b, leaving the required stations for running 
the side lines, and these stations were marked with whites, 
not only in order that they should be readily found when 
wanted, but also that we might be able to chain to them 
when required, without the trouble of setting up poles, 
which involves running backwards and forwards, and 
much loss of time ; for short lines out of bases, and for 
this kind of work, we always sight upon a tree or bush. 

On reaching the wood, we set out the little rectangle 
abed, just sufficient to clear it, and booked the whole 
figure in our field book ; we then chained right away for 
B, and a little beyond. We may now observe that the 
offsets were all paced, instead of being measured with the 
offset staff, and much of the minute accuracy required in 
the former survey was in this case overlooked. 

It will be unnecessary to say anything of the work 
now behind us on the base a b ; the lines shown in the 
figure explain the work done ; it was all done by triangles 
out of the base, and what we have said with regard to fig. 
17 fully explains the method in which the chaining was 

E 
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carried out in fig. 22. On reaching, however, the ground 
between k and b, the direction of the base work required 
to be chanpred, on account of the curves on the proposed 
line of works. 

For this purpose the line o b q was laid and k q, both 
being produced as far as required, when other lines were 
again thrown up, to follow the general line of works ; in 
carrying this out we have to keep in view lines which will 
take up the ofisetting and check the work, as for instance 
the line e d c, so as to include all the fences, &c., within 
ten chains on each^ side of the centre line on the Ordnance 
map. One most important object is that nothing on the 
ground shall be omitted from the map, that is in the shape 
of enclosure, building, or road. 

We now come to the case of road and railway surveving 
where we make use of some existing map, generally a 
portion of the parish map. . . . 

When the surveyor is not supplied with a tracing of 
this, he will have to take it himself from the parish map, 
which he can always obtain from the clerk of the parish, 
bv paying him a slight fee. 

■ On this map, as far as it extends, the surveyor traces 
out the general direction of the line given on the Ordnance 
map, an\ takes a tracing some ten or twelve chains wide 
on each side of the centre line, paying particular notice to 
the parish boundaries. 

The centre line of works may then be roughlv shown on 
the tracing, and he can then very easily see on the grounds 
whereabouts the proposed works are to be. 

He lays out his base line accordingly, chains and picks 
up the offsetting for some four or five chains on each side ; 
at the same time he compares his tracing with the ground, 
to see what alterations may have occurred ; as, for instance, 
fences grubbed up and new ones raised, changes in roads, 
new buildings, &c., &c. 

Often it is only when the direction of the base line is 
changed that more lines than one will be required, the 
extra lines being required to fix the change of direction. 

To get the remainder of the work on paper, after the 
whole of the field work has been plotted, the tracing from 
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the parish map is laid down on the plotted field work, so 
as to make the new work and the old coincide as nearly 
as possible ; generally speaking, it will be found that the 
parish map has considerably contracted, sometimes enor- 
mously so. In this case we must fit a piece at a time of 
the old work on to the new, and prick through from the 
tracing on to the plan the fences we have not included in 
our field work, taking care that all alterations are carefully 
attended to on the new plan. 

Of course the reader will have understood that all these 
alterations, when they have occurred, are duly shown on 
the tracing, by the surveyor, whilst he is in the field. 

If in pricking through, in the above-mentioned manner, 
the fences from the parish tracing on to the plan, we are 
careful to prick lightly, and only at about the sixteenth 
of an inch apart, there will be no difficulty in tracing the 
needle-points on the paper, and thus getting in the fences, 
roads, streams, buildings, &c., which have not been in- 
cluded in our field work. The reader will observe that 
this is by no means difficult ; but it requires care and a 
little practice, particularly to do it at the rate required 
during the preparatory P^rUamentary session. 

It is a habit, which, however, may be very easily 
acquired, because it may be practised at any time by the 
young man who is anxious to acquire the routine habits of 
field and office practice. 

Having, however, got in a portion of his work, perhaps 
a quarter of a mile, or even ten chains, the surveyor 
shifts his tracing forwards, so as to make another portion 
fit, and he repeats the whole of that which we have pointed 
out above. 

Very often, however, it happens that the parish survey 
has been plotted to a different scale to that which we are 
using, in which case the parish tracing will have to be 
reduced to the proper scale. It is, therefore, very impor- 
tant, when taking the tracing from the map, to trace off 
also the scale. Where a line runsdE or a mile or two through 
one parish, it is worth while to do this work with some 
little amount of care — we will not venture to say great 
care, because, undoubtedly, * sharp work, near enough,' is 
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the great thing required in Parliamentary work; the 
important thing to learn is to be neither fastidious nor 
careless. 

The ordinary Parliamentary scale^ for some years past, 
has been six chains to the inch, so that a quarter chain, 
17J feet, is represented by only the twenty-fourth part of 
an inch. 

It is due, however, to the student to observe that this 
kind of work has sometimes to go through an extra 
severe ordeal under * standing orders.' We knew a case, 
some years ago, where a scheme met with a very deter- 
mined opposition, and where the opponents had every inch 
of the ground gone over carefully surveyed. In such 
cases, where Parliamentary plans have been prepared 
entirely in the above manner — ^that is, with one base line 
and parish plans — ^unsound work becomes very apparent, if 
the parish surveys happen to be bad, which is not a rare 
occurrence. 

However lenient the Examiner may be disposed to be, 
in view of a violent opposition, the array of allegations is 
formidable. 

' We have now noticed both sides of the question, and 
the student must learn to acquire habits that will* suit 
different demands in his work ; he must try and learn to 
be ' near enough,' and yet not careless. 

To one who is determined to learn, we would say, after 
all we have now written on the subject of Elementary 
Surveying, take a chain and poles, and go and survey a 
mile of fields, as for Parliamentary purposes ; do it steadily 
and carefully at first. Let this be plotted. 

He may then survey this mile over again, but laying 
out different chain lines, and bind himself to do it in half 
the time ; let him make a plot of this also, and a tracing 
of it, which he may lay on plot No. 1. He will then see 
how far he may venture in producing rapid work. 



CHAPTEE lY. 

SURVEYING INSTRUMENTS. 

THB CB088 STAFF; OPTICAL SQUARE; PRISMATIC COMPASS; HALT's COM- 
PASS clutombter ; compass suryeyino ; circumfbrentbr ; box sex- 
tant ; TBBNiBRs ; theodolites (cradle, transit, and btbrbbt) ; 
eckhold's omnimbtbr ; hadley's sextant. 

The Gross Staff is a very simple but rather old-fashioned 
little instrument. It is principally used for setting out 
right angles on the ground, which it does very accurately ; 
and in mere chain surveys it is undoubtedly very con- 
venient for setting out lines of any moderate length per- 
fectly square to a base line, when these lines, however, are 
not made too long, and in very sloping groimd, where the 
eye only is very apt to deceive the observer. 

If the instrument has been well made and is of any 
moderate size it may be used advantageously in boning a 
line through a wood ; and also in setting out short bases, 
if no better instrument is at hand, more particularly in 
crossing any high ground with a sharp ridge, where two 
observers sighting each other on back and forward objects 
would only have a very short range of country between 
them. 

The instrument consists of a hollow cylinder, with 
sights very correctly set by the maker at right angles to 
each other ; when the instrument is used, it is set on the 
top of a staff, which is thrust into the ground exactlyat 
the station ; it is then turned round until, through a pair 
of sights in line with each other, the observer can see an 
object in the distance in line with the vertical wire. If 
there be a forward object which he can see also, he may 
then go to the opposite side of the instrument and again 
look through, wheUy without touching the instrument, he 
should see the forward object also in line with the wire ; 
if the wire does not intersect the object, then he is 
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not exactly on the line ; but if the intersection is correct, 
and he now wishes to set out a line at right angles to this 
base, he makes use of the other pair of sights ; to do this, 
he has only to send a chainman forward, with a pole or 
with a white, who, according to the directions he will 
receive from the observer at the instrument, is to set 
up his pole or .white, and which will then be on a per- 
pendicular. 

Some cross staves are made with sights intersecting at 
angles of 45°, as well as at 90° ; these may of course be 
used in the same manner for setting out lines at such 
angles ; and to the surveyor who generally makes use of 
the chain only — ^that is, without the assistance of the 
theodolite — ^this cross staff is very often of considerable 
use. 

THE OPTICAL SQUARE. 

The optical square is a little reflecting instrument, also 
for setting out right angles, or for finding where a per- 
pendicular from a given object will fall on a given base. 

In flat level coimtry the optical square is a very superior 
instrument to the cross staff. 

This instrument consists of a round shallow box pro- 
vided with two mirrors, which are set so as to reflect an 
angle of 90°. In setting out a right angle with this little 
instrument, the observer stands at his station, looks through 
the unsilvered portion of glass to see a forward object, 
when the object which is reflected in the silvered portion 
of the glass, and corresponds also with the object seen by 
direct vision, is at right angles. Similarly, if we want to 
drop a perpendicular from a given object to a given line, 
we have only to walk along the base until the object at 
one end of the base, and that just referred to, are both 
seen coinciding, by direct vision and by reflection. 

THE PRISMATIC COMPASS. 

In the prismatic compass, a triangular glass prism is 
substituted for one of the sights of the ordinary compass ; 
this prism has the advantage that it can be seen through^ 
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80 that 8 eight can be obtained at the same time that it 
reflects the degrees on the floating card immediately under 
it ; that is, the sight and the reading are obtained at the 
moment of coincidence. 

In the figure, b is the compass box, and c the floating 
card, which, being attached to the magnetic needle, movea 
with it round the agate centre on which it is suspended. 
The circumference of the card is usually divided to a 
quarter or half degree ; unless, however, with a large- 
sized instrument, we seldom attempt to read nearer than 
half a degree, unless indeed in very clear and calm 
weather. 

p is the prism through which the surveyor observes. 
The perpendicular wire of the sight vane, v, and the 
divisions on the card, appear together on looking through 
the prism ; that particular division on the card with which 
the wire coincides, when the needle is at rest, is the 
' bearing ' of whatever object the thread or wire may 
bisect ; it is, in fact, the 
angle which the line of 
sight makes with the di- 
rection of the needle. 

The fine vertical wire in 
the sight vane is brought 
to bisect any object of 
which the bearing is re- 
quired by turning the box 
round horizontally, m is 
a mirror made to slide on 
or ofE the sight vane ; it 
can be made to face up- 
wards or downwards, or 
inclined at any angle, by 
means of a joint, with 
which it is supplied for 
the purpose ; unless moved 

intentionally, it remains stationary by the friction of the 
slides. 

The object of this mirror is to reflect any object which 
is at a much different level to the ground on which the 
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obfleiTer may be standing. The coloiiFBd glaaaeB g are 
made use of when the tsljb of the son interfere:. 

The infltmment is prorided witli a tspring for chfcking 
the Tibrations of the card ; when obeenring, if this spring 
is pressed hy the finger and then released, it brings tbe 
card more readily to rest. A stop is also proTided to 
throw the needle off its centre, llie nae of it reqniies 
particular attention, as otherwise the sensitiTeness and 
accuracy of the instrument would soon be irretrieYaUy 
injured. 

In making use of the instrument, yon first raise the 

Srism in its socket s, until you obtain a dear Tision of the 
iyisions on the card. Then standing over the station 
where your angles are to be taken, you hold the instru- 
ment to the eye and look through a slit, turning round 
until the sight vane wire v intersects the first object of 
which you wish to obtain the bearing. You then touch 
the spring, which gradually brings the needle to rest, and 
the reading of the division on the card, which coincides 
with the sight vane wire, will be the magnetic bearing of 
the object you have been looking at. 

If you repeat this operation with any other object the 
difference between the bearing of this object and the 
bearing of the former one, will be the angular distance 
between the two objects. Thus, if one reads 50 and the 
other 10, both east or west, from north to south, the angle 
wiU be 40^. 

The figures on the compass card are reversed and 
written upside down, or should be so, because they are 
reversed by the pW 

This instrument is very convenient for rapid survey, 
that is, where great accuracy is not required, but only in 
calm weather ; the reading of the card when there is much 
wind is almost impracticable. A flat stand, on which to 
rest the prismatic compass when taking bearings, is a great 
advantage ; by means of this stand, in moderately fine 
weather, a good deal of execution may be done with this 
little instrument^ after one has become used to manage the 
vibrations of the compass card. The offset staff tnay easily 
be made to answer this purpose. 



HALT'S COMPASS CLINOMETER. 



73 



In some instnunents the card is numbered round by 
east to south 180°, and from south round by west to north 
180° ; this rather simplifies the readings, for we know that 
if we have a reading, say 36° north-east, then it will be 35° 
south-west. With such instruments it is understood that 
all readings going east read from north to south, and that 
all readings west, go from south to north. 



HALT S COMPASS CLINOMETER. 

This instrument, made by Elliott Bros., is a combination 
of an ordinary prismatic compass for taking horizontal 




Fig. 1. — ^PBISMATIC COMPASS. 



ffmmAOcr 
Fig. 2. — CLINOMETkR. 




Fig. 3. — CLOSED X7P. 



angles, and a clinometer for reading vertical angles. Fig. 
1 represents the instrument in position for taking hori- 
zontal angles, a being the prism through which the com- 
pass card is read ; b is the sight yane, and c is a short- 
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sight vane to be used for vertical angles, but folded back 
on the compass box d when not in use. e is a cKp for 
holding prism box in position. Fig. 2 represents the 
instrument arranged for vertical angles, the prism a being 
turned upon a pivot f to the back of compass, and the 
short-sight c turned back into position. Fig. 3 represents 
the instrument when closed up. In order to change the 
instrument from horizontal to vertical angles and read- 
ings, or vice versd, it is only necessary to turn the prism to 
reverse side of compass box. 

COMPASS SURVEYING. 

At the same time, we must say that we do not recom- 
mend the use of instnmients differing much from those 
generally employed in the profession. Engineering sur- 
veyors have to work so much together and have so often 
to connect their surveys by observation, that the use of 
instruments differing in their manner of being used leads 
to confusion. 

We give an example of compass surveying at fig. 23, 
and of the manner it is generally plotted with a paper 
protractor : — 



Let the first reading 


1 and 2 


be 


40° 


30' North East. 


), second yy 


2 a,Tid 3 


be 


31 


Northwest. 


„ third „ 


3 and 4 


be 


57 


30 North East. 


,, fourth „ 


4 and 5 


be 


50 


30 Northwest. 


„ fifth „ 


6 and 6 


be 


7 


North West. 


„ sixth „ 


6 and 7 


be 


5 


30 North East. 


,, seventh ,, 


7 and 8 


be 


38 


30 North East. 


„ eighth „ 


8 and 9 


be 


72 


North East. 


,, ninth ., 


9 and 10 


be 


62 


30 North East. 



To Plot the above Bearings. — On the sheet of paper on 
which you are going to plot draw a long straight vertical 
to represent the magnetic north and south points ; at right 
angles to this draw another long straight line to represent 
the west and east points. 

It is evident that we may draw or describe any mmiber 
of parallels to the above two lines, and that these parallels 
will bear, the one north and south, and the other west and 
east. 
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Let the first intersection we liave referred to be con- 
sidered the starting-point on our survey : that which we 
have generally called a. 

Take the card-board protractor to which we have 
ref erred, lay it on the paper, and make the centre of it 
coincide exactly with the point of intersection (a), and so 
that zero and 360 shall coincide with the north point, and 
zero and 180 with the south ; and let 90 be made to coin- 
cide with the east, and 270 with the west, which will be 
the case if the lines are at right angles with each other. 

Lay some heavy weight on the protractor, that it may 
not be disturbed. Now with a needle-point prick through 
on the paper the three following points : — 

1 and 2 40^^ 30' North East. 

2 and 3 31 North West. 

3 and 4 57 30 North East. 

Without ^disturbing the protractor, prick off the same 
angles, but at the south end. Thus : — 

1 and 2 40° 30' South West. 

2 and 3 31 South East. 

3 and 4 57 30 South West. 

Remove the protractor, and draw straight lines through 
1 and 2, 2 and 3, and through 3 and 4 ; if the work has 
been correctly done all these lines will pass exactly through 
the centre. 

On the first line, 1 and 2, starting from a, plot off to 
scale the length of your first chain line ; set your parallels 
on 2 and 3, and run them up to the termination of the 
first line ; draw a straight line along your parallel through 
this point, which will protract the bearing of 2 and 3 ; set 
off the length of this second chain line with the scale on 
the bearing last found. 

Now set your parallels to 3 and 4, and run them up to 
the end of tne line last plotted ; draw in a line along the 
parallels through this last point which gives the bearing 
of your third, on which you have now only to lay o£E the 
distance with your scale. 

This carries us beyond a convenient range of our first 
magnetic. Now through the point last found draw a 
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parallel to our first vertical line, and through the same 
point a line at right angles to it, exactly as we did in the 
first case, and lay down the protractor in the same manner ; 
that is, zero and 360 to the north point, and zero and 180 
to the south ; 90 to the east, and 90 and 270 to the west. 
Prick off : — 

4 and 5 60° 30' North West. 

6 and 6 7 North West. 

6 and 7 5 30 North East. 

Taking, again, every care that the protractor remains 
imdisturbed, prick off the same angles, but at the south 
end. Thus : — 

4 and 6 fiO"" 30' South East. 

6 and 6 7 South East. 

6 and 7 5 30 South West. 

Take up the protractor and draw in the straight lines 
4 and 5, 5 and 6, 6 and 7, which should all pass through 
the centre — ^that is, the termination of line No. 3 ; from 
this point on line 4 and 5 prick off with the scale the 
length of line 4 and 5 from the field notes ; proceed with 
the other lines exactly in the same manner. 

Fig. 23 is plotted from field notes over nearly seven 
miles, so that it will be seen that the plot is only in 
miniature. 

Our card-board contractor is one foot in diameter, and 
is divided to ten minutes, and the figures range, as shown 
in fig. 24. It will be perceived that this is a most con- 
venient form for plotting such surveys, and that the size 
and graduations of the protractor enable us to obtain all 
the accuracy which is generally required from mere com- 
pass surveys, which is a very rapid way of getting over 
the ground, where there are* not many important details to 
fill in ; such as many, we do not say all, of the surveys we 
have to prepare in foreign lands. 

When the system is applied with care, it is often very 
useful for home surveys, when dispatch is the primary 
consideration. 
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THE CIRCUMFERENTER. 

This very useful instrument, particularly for all pur- 
poses of compass surveying, may be considered to hold a 
rank between the theodolite and the prismatic compass. 

We do not consider it quite so accurate as the theodo- 
lite, but it is undoubtedly a most convenient instrument, 
and useful surveys may be produced with it. 

The compass does not point with sufficient precision to 
the division indicated ; the point of the needle has con- 
siderable thickness, and does not come in contact with the 
circle. 

It does not point to the same point in the horizontal 
circle, even during the same day, the direction changing 
to the extent of nearly a quarter of a degree between sun- 
rise and noon. The great defect, however, of all compass 
instruments is their liability to local attraction, and the 
more sensitive the magnet the more liable it is to this 
attraction. The diurnal variation in our hemisphere is 
from ten to fifteen minutes west, from 8 in the morning 
till 2 in the afternoon, when it graduaUy returns to its 
position. In the Southern Hemisphere the variation is 
so many minutes east. 

This variation will give a difference of 23 feet at the 
end of a mile, not in length but in position ; the time at 
which important bearings are taken should therefore be 
noted. 

In compass instruments, short shear steel needles, about 
4 or 5 inches, not more, in the form of a rhomboid, and 
cleared out in the middle, are the best ; and in good in- 
struments it may be noted that the needle vibrates a long 
time before coming to rest. 

It is important to observe that in this instrument, as in 
the prismatic compass, the needle should be raised ofE its 
pivot when not in use ; there is a special provision for this 
with every instrument, but it is not made use of so often 
as it should. 

The circumf erenter is provided with a pair of sights ; 
these consist of upright bars of brass, with openings in 
them of various forms, and ' pin-holes,' so that consider- 
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able accuracy may be obtained as regards the clear vision, 
and at tbe same time over a great range of level. 

The pivot and needle are sunk in a circular box, the 
circumference of which is divided into degrees and half 
degrees. The pair of sights with which angles are taken 
usually carry verniers to read ofE minutes on the graduated 
circumference. The instrument is provided with the 
necessary levels to enable the observer to set it up level 
when he is about to take an observation. 

To take a bearing, set up the instrument over your 
station by means of the plummet hanging from the centre, 
and level it, which you will easily do by bringing the 
bubbles of the spirit levels to the centre of their runs. 

Turn the sight in the direction of the object of which 
you require to take a bearing, and look through one of the 
small apertures ; move the sights until you see through 
the little aperture that the wire at the other end of the 
sight coincides with the distant object. During this time 
the needle will probably have come to rest, and the division 
in the circumference pointed to by the line of sight is the 
bearing, north or south, according as the former or the 
latter is farthest from you on the circle. 

Without disturbing the instnmient, you may now read 
ofE also the angle of bearing at the other side. 

In many instruments two cardinal points of the compass 
are reversed ; that is, east is on the left hand and west on 
the right, which is inverting the usual order of things. 
The following lucid explanation of this is given by an 
eminent American writer : — 

' We can now imderstand why w is on the right hand 
of the compass box and e on the left. Let the direction 
from the centre of the compass to the point b in fig. 26 be 
required, and suppose the sights in the first place to be 
pointing in the direction of the needle s n, and the north 
sight to be ahead. 

*When the sights and the circle to which they are 
fastened have been turned so as to point in the direction 
of B, the point of the circle marked e will have come 
round to the north end of the needle (since the needle 
remains immovable)^ and the reading will therefore be east, 
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as it should be. The effect on the reading is the same as 
if the needle had moved to the left the same quantity 
which the sights have ntioved to the right, and the left 
side is therefore properly marked east, and vice versd. So, 
too, if the bearing of the line to c be desired, half-way 
between north and east, i.e. n. 45° e., when the sights 
and the circles have turned 45° to the right, the needle, 
really standing still, has apparently arrived at the point 
half-way between n. and e., i.e. n. 45° e/ 

THE BOX SEXTANT. 

This is one of the most useful instruments the surveyor 
can possess, and we never think of going into the field 
without having this little instrument about us. 

After many years' experience, we venture to say that 
there are very few difficulties which can occur in practice 
which may not be got over by the use of the sextant. We 
refer, however, more particidarly to that made after the 
* Ordbiance * pattern, and which certainly, as we shall be 
able to prove in the following pages, is very superior to 
the box sextant ordinarily sold. Many makers have of 
late years left off making the box sextant after this 
particular pattern ; and this we believe has been occasioned 
by only a few surveyors knowing how to take advantage 
of its superior construction when it was first introduced. 

The principles of its construction are as follow, always 
remembering, however, that the box itself is not here 
described :— 

Let o B c (fig. 26) represent a sextant, having an index 
o G movable about o as a centre. This index denotes the 
angle which the index has travelled over on the arc b c, 
when the angular distance between two objects has been 
measured, hs is the half-silvered horizon glass, fixed 
parallel to o c. 

Any ray of light l o, impinging against the mirror o, is 
reflected off at an equal angle to the horizon glass at m, 
whence it is* reflected to n, when the eye likewise receives 
through the transparent part of that glass a direct ray 
from the horizon. It is to be distinctly imderstoodin this 
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deacriptioQ that one half of the horizon glass is Bilvered 
aad the other half imsilvered, m that one object is seen 
through it by direct vision and the other object by redec* 
tion in the silvered hali. 

The reflected angle b oa equal to the incident angle 
L o I ; the reflected angle h m £ equal to the incident angle 
sue; the ans;le m o e equal to h b o, because h s is paraUel 
to o c ; and the angle l o n equal to twice the angle_of in- 
clination of the two mirrors — that is M G O. 

Hence the arc on the limb b c, although only 60°, is 
divided as if it were 120°. 

The above is the principle of construction of the box 
sextant, which is represented in the annexed figure. 



I is the index, to which motion is given by the hand, 
but much better by a rack and pinion motion, concealed 
within the box and turned by the milled head, b, A far 
better motion is given by a tangent screw in the Ordnance 
pattern box sextant. 

The glasses shown at o and h are within the box, by 
which mey are protected from injury, and their adjust- 
ments, when once perfected, are protected from any dis- 
turbance, BO much so that they can only be deranged by 
intention. 

The horizon glass h, alone has a contrivance for adjust- 
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ment, both to set it perpendicular to the plane of the 
instrument and to correct the index error, which had 
better be kept correct, as it is not likely to get out of 
order. The key at k fits at both places to accomplish this. 
"We advise the inexperienced not to meddle with it ; no 
adjusting is required when the instrument is turned out of 
a respectable maker's hands. If it should be found to 
require adjustment, it should be returned to him. 

We may at once observe that the telescope, t, is useless 
and may be cast aside by loosening the milled head which 
holds the shoulder-piece. There is a little slide, shown in 
the figure just above a, the box, which is to be pushed 
over the opening made for the telescope ; in this slide is a 
pin-hole, by means of which a plain sight may be taken. 

There are two dark glasses within the box to protect the 
eye, when observing, from the direct or reflected rays of 
the sun. 

When the instrument is not in use it is kept, reversed, 
in the box a, which protects it from all violence. It may be 
thus carried about in the pocket anywhere ; it would be better 
carried in a sling case, if the makers would only make this 
appendage to open more conveniently, one great advantage 
of the box sextant being the readiness with which it may 
be used. It is, beyond all others, a handy instrument and 
a most accurate one, if properly made and properly used. 

When about to be used, the box sextant proper is 
unscrewed from its box a, reversed and screwed in again, 
when the box constitutes a handle to hold it ; before doing 
this, however, the dark glasses require to be pushed back 
through a slide in the under part of the instrument, to 
remain out of the way in the box ; this is, of course, when 
they are not required to look at any object the sight of 
which may be obstructed by the rays of the sun. 

To measure an angle subtended by any two objects on a 
horizontal plane, the instrument is held by the box in the 
left hand. The eye is then applied to the pin-hole above 
referred to, when it will see one of the objects before it 
through the unsilvered portion of the horizon glass ; this 
obtained, the index is turned by means of the milled head, 
B ; after a few turns, sight will be obtained of the other 

G 
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object in some part of the silvered part of tlie horizon 
glass ; it is received reflected there from the index glass, 
which has been made to rotate on its axis towards this 
second object; by continuing the motion of the milled 
head the two objects are 'made exactly to coincide, one 
over the other, in one vertical line, if the objects are in one 
horizontal plane. 

For instance, let us suppose that one of our objects is a 
surveying pole, with a red and white flag over it, and that 
the other on the right hand is the comer of a house ; when 
the angle has been accurately measured by the index, the 
comer of the house will be seen exactly over the pole, the 
flag of which will be then obscured. We have now only 
to read ofE the angle by means of the vernier, which we will 
presently explain. 

We have now to explain how we may ascertain if one of 
the most important adjustments is correct in the construc- 
tion of the instrument. 

Bring the broad arrow of the index, by means of the 
milled head, b, to coincide exactly with zero on the limb ; 
this you can do to the greatest perfection by looking 
through the magnifier, m ; take care this is thoroughly 
well done. Now look through the pin-hole at the angle 
of some building or some tall straight flag-pole — ^if half a 
mile off, all the better — ^and see if this angle of a building 
or the pole forms exactly one line in the silvered and 
imsilvered portions of the horizon glass ; if it is so, the 
adjustment is good ; if otherwise the instrument requires 
correction. 

Supposing that the coincidence is not perfect, move the 
index by the milled head, and then read o£E on the limb 
how much the broad arrow had deviated from the zero. 
By means of the key, k, this error should be corrected by 
applying it to the key-hole and turning it until the 
coincidence is perfect, when the broad arrow of the index 
coincides exactly with the zero on the limb. 

From what we have now observed, it will be seen that 
any one purchasing a box sextant may test the instrument 
by observing from the shop door oi the maker to any 
distant comer of a building. It is, however, very rarefy 
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that a respectable maker turns out an instrument out of 
adjustment. 

A more perfect method of testing the accuracy of ad- 
justment in the sextant, though seldom applied to the box 
instrument now described, is the following : by observing 
on the disc of the sun. 

For this purpose the dark glass is brought before the 
eye end of the pin-hole. The observer then looks directly 
at the sun, and moves the index a little backwards and 
forwards of zero ; the sun's reflected image will be seen to 
pass directly over the disc, as seen directly through the 
unsilvered portion of the horizon glass ; if in this passage 
the reflected completely covers the direct image, the horizon 
glass is perpendicular to the plane of the instrument, and 
needs no correction; if otherwise, we must apply the 
key, K, to the key-hole in the top of the box, until this 
ad-justment is perfect. 

We may then try the other adjustment, by bringing 
the reflected image of the sun's lower limb in exact contact 
with that of the upper limb, as seen through the unsilvered 
portion of the horizon glass : take the reading of the 
vernier ; now move the broad arrow of the vernier hack, 
beyond the zero of the limb, until the reflected image of 
the upper limb is in exact contact with the lower limb, as 
seen through the unsilvered portion of the horizon glass. 
Take off the reading on the small portion of the limb 
beyond zero, called the arc of excess ; if this equals the 
former reading, this also is in adjustment. If otherwise, 
half the difference of the readings constitutes the index 
error, which will be constant for all angles taken, if not 
corrected; plm, if the first reading be in excess, and 
minvs if the second reading is the greatest. 

The correction for this adjustment is made by applying 
the key, k, to the key-hole at the side of the box, and 
turning it until each of the above readings is equal to half 
the sum of the two readings first taken. 

When this has been perfected, the broad arrow of the 
vernier should be made to coincide with the zero on the 
limb ; it should then be seen whether the direct and 
reflected images of the sun form one perfect orb ; if they 
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do not, the above adjustments should be further examined, 
as whilst we are doing this work, it may as well be made 
perfect onoe for all. 

We do not, however, advise this trial being made before 
the observer has made himself pretty weU master of the 
principle of his instrument, and become' accustomed to 
handle it with ease. Before attempting it, he should have 
made himself familiar with all the details of its construc- 
tion, and with the reading of the index on the limb to a 
considerable degree of accuracy. This he will best accom- 
plish by standing at an open window, and leisurely taking 
numerous observations on any surrounding objects ; having 
taken these angles and noted them down, he should repeat 
them, and see how the second series agrees with the first. 

We have used the box sextant for some twenty-five 
years on every description of land and marine survey, and 
we feel confident in recommending it to the use of the 
young surveyor, and in advising him to make himseK 
practically and thoroughly acquainted with it. We have 
already described one way of using it, and we may now 
add that the farther the objects to be observed are from 
the surveyor, the more accurate will be the observations. 
Where one is very near, and the other very distant, better 
results are obtained by seeing the near one directly, that 
is through the unsilvered part of the horizon glass, and 
t^e other, or more distant object, by reflection. This, 
however, only relates to where great accuracy is required, 
for otherwise the difference is quite immaterial. 

Again, for very accurate observations, the two objects 
observed should be quite or very nearly on the same 
horizontal plane ; we do not always find this to be the 
case in practice ; one obi'ect is often very much above the 
other : when this is the ^se, there wiU b^ a corresponding 
error in the observations, because instead of holding the 
instrument level, we are obliged to hold it in a plane 
slanting to the horizon. The error, however, will not be 
so great as to cause any uneasiness, unless there be really 
a great difiference of level for short distances ; when this 
is the ease it is best to set up a pole at a more convenient 
level, and exactly in line with one of the objects. 
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In the box sextant made after the Ordnance pattern, 
which, as already observed, is very superior to the ordinary 
instrument, monon is given to the index by a tangent 
screw. 

. But besides this, the divided limb is numbered both to 
the right and left, commencing at zero to 120°, and back- 
ward from 120° to 180°, and beyond to 230° ; the latter 
row of figures is farthest from the divisions, and belongs 
to the supplementary angles; their zero division of the 
vernier is at the end, contrary to that of the angles read- 
ing from zero to 120°. 

Beneath the index glass is fixed a similar one, in such a 
manner as always to reflect the image of an object to the 
eye, when applied to a hole in the side of the box near the 
division 120°, at the constant angle of 90° ; whence the 
observer must direct his sight towards the right hand, and 
at right angles to the real place of the object. 

When the index is set to 180°, its glass will also reflect 
an opposite image to the eye at right angles to the left 
hand (the two glasses being then exactly across each 
other) : consequently, an eye looking through the hole 
near the division 120°, will perceive objects 180° apart, to 
coincide at right angles to a line connecting them. Thus 
a point can be found in line bettv^een two stations. The 
observer, with the instrument set as above described, 
having placed himself as nearly in line as he can ap- 
proximate, must apply his eye to the hole near 120°, and 
looking at right angles to his chain line, step backwards 
and forwards, until he finds the two distant objects on his 
chain line to coincide ; he will then stand on a point in line 
between the two distant objects. To verify this he should 
then turn himself half round, and looking in the opposite 
direction, see if the objects still coincide, which they wilL 
do if they are not much out of level with each other. If 
he finds he has to move to make them so, then he should 
mark the difference, and this halved will give him the true 
point required. 

The adjustment of this part, as well as the method of 
observing supplemental angles with it, is performed in 
the following manner : Choose two objects in the horizon. 
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the farther apart the better, but not nearer than 140° ; 
turn your face at right angles to the right hand object, so 
as to get sight of its image in the fixed glass ; men by 
moving the index, bring the image of the other object, 
seen by reflection in the index glass, to coincide exactly 
with it on the line of separation of the two glasses. Bead off 
the angle, turn half roimd, and take in like manner the 
angle which the same objects make the other way. 

It is evident that the sum of the two angles should be 
equal to 360°, and also, that if they exceed that quantity 
half the excess must be subtracted, and if they fall short of 
it, half the difference must be added, to obtain the true 
angle. 

The error, if any, may be corrected by applying the key 
above referred to at the key-hole underneath the box. 

The instrument above described has also been made with 
the addition of two spirit levels, fixed at the back of the 
horizon glass, at right angles to each other, so that stand- 
ing before the object, you look perpendicularly down the 
plain sight, and moving the index, bring the image of the 
objects to appear with the small bubbles of the levels 
when in the centre of their runs. The reading of the 
instnmient will then show the supplement of the zenith 
distance, and its complement to 90° will be the angle 
required ; elevation if more than 90°, and depression if 
less. This obviates the necessity for an artificial horizon, 
and merely requires a little practice with the instrument. 

VERNIERS. 

The vernier is a contrivance for estimating subdivisions 
of the graduations on the limb of any instrument. It is 
applied to sextants, theodolites, and some circumferenters. 

It is a scale whose length is equal to a certain number 
of parts of that to be subdivided, and depends on the 
degree of minuteness to which the subdivision of the 
graduations of the limb is to be carried. However this 
may be, it is divided into parts, which in number are one 
more or less than those of the lunb taken for the length of 
the vernier. 
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If it be reqxiired to measure to hundredths of an inch 
the parts of a scale which is graduated to tenths, it may 
be done by means of a scale whose length is nine- tenths of 
an inch, and divided into ten equal parts ; or by one whose 
length is eleven-tenths of an inch, and also divided into 
ten equal parts. In either case the difference between the 
divisions of the scale and those on the primary scale is the 
hundredth of an inch. 

Such a scale made to move along the edge of that to be 
subdivided, is termed a vernier. We must now explain 
how, by this means, the subdivisions of graduated umbs 
are estimated. 

For this purpose we may take the method of estimating 
the subdivisions of the sextant as one which will explain 
the method of reading ofE any other instrument. 

In figs. 27, 28, 29, and 30, some of the divisional lines 
on the limb of the instrument are longer than others, and 
are numbered at every fifth. The spaces between these 
lines are to be read as representing degrees of the circle ; 
they are subdivided by smaller lines, and the smaller space 
represents minutes. ... 

If the degrees are divided into four by three of the 
shorter lines, each of the subdivisions will represent the 
fourth of a degree, or 15 minutes ; if there be six parts, 
there will be five of the short lines, each of which will 
denote 10 minutes, reckoned from the commencement of 
the subdivisions. 

Similarly, some of the divisions on the vernier are 
marked by longer lines than others ; these indicate single 
minutes, as on the limb the longer divisions indicate single 
degrees. The divisions are numbered from right to left ; 
the extreme right one is zero, and is denoted by a zero, a 
broad arrow, or a diamond ; the shorter divisions on the 
vernier show seconds, as the shorter divisions on the 
limb showed minutes. 

If the spaces between each minute are divided into four, 
each of the dividing lines will denote 16 seconds, and if 
into six equal parts, the long line will mark 10 seconds. 

The number of subdivisions between the minutes of the 
vernier is usually the same as between the degrees on the 
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limb, 80 that if the limb is divided into 15 minutes, then 
the divisions of the vernier are subdivided into 15 seconds ; 
and if the limb is subdivided to 10 minutes, then usually 
the vernier is subdivided to 10 seconds. 

Let the limb of an instrument, say a sextant, be divided 
to 10 seconds, that is to say, that ^ach degree is divided 
into six equal parts, and let the divisions of the vernier be 
divided into the same number, then each of the latter sub- 
divisions denotes 10 seconds. 

If the zero division on the vernier coincide with the line 
marked 20, then the reading is 20° ; and if vith the first 
or second long division, then the reading will be 21° 
or 22°. 

If it coincides with one of the shorter divisions between 
the 20 and 21 degrees, the reading will be 20° and some 
10', 20', 30', &c. : then, if it coincides with the second 
short line beyond the 20 minutes, the reading will be 20° 
and 20' ; and if with the third, it will be 20° and 30'. 

It very often happens, however, that the zero of the 
index does not coincide with any of the divisions of the 
limb, but that it lies somewhere between two of them. In 
this case we must observe how many degrees and minutes 
are denoted by the divisions and subdivisions of the limb 
which the index of the vernier has passed, and then look 
for a line somewhere on the vernier that does coincide 
with one on the limb. Now observe that the number of 
minutes and seconds from that line to the zero of the index, 
added to the number read o£E upon the limb, gives the 
angle required. 

Thus, supposing the index to stand between 20 and 30 
beyond 20 degrees, and the line on the vernier denoting 
5 minutes and 10 seconds, to coincide with any one on 
the limb, then this last quantity, added to 20° 21', gives 
20 degrees 25 minutes and 10 seconds, which is the angle 
measured. 

In the limbs of small theodolites the degrees are usually 
subdivided into two equal parts, denoting 30 minutes ; and 
the divisions on the vernier are single minutes ; a smaller 
subdivision must be estimated by the eye, which can be 
done to 30 seconds. 
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In our figures, above referred to, l b represents a por- 
tion of the graduated Kmb of an instrument, and v a 
portion of the vernier scale, the zero point being at v. 

In fig. 27 the limb is divided to 15 minutes, and these 
divisions are subdivided by the vernier to 15 seconds. 
The reading is 25° 46' 30", because the zero of the index 
has in the first place passed 25 degrees and the third divi- 
sion of a degree, which denotes 45 minutes; and the 
division of the vernier which coincides with a division on 
the limb, denotes a minute and a half, which, added to 
25° 45', gives the above angle. 

In fig. 28 the reading is 20° 21' 20", because the zero 
of the vernier has passed 20 minutes beyond 20 degrees ; 
and the division on the vernier which coincides with a 
division on the limb, indicates 1 minute and 20 seconds, 
which, added to 20° 20', gives the above angle. 

It wiU be seen that in every case the quantity indicated 
by the vermer is read backwards, from a division coincid- 
ing with one on the limb to the zero on the vernier. 

In fig. 29 the reading is 21° 23' 30", because the zero 
of the index has passed 21 degrees and 20 miautes, and 
the division on the vernier which coincides with one on 
the limb, denotes 3 minutes and 30 seconds, which, added 
to 21° 20', gives the angle above mentioned. 

In fig. 30 the reading is 22° 2' 10", because the zero of 
the vernier has passed 22 degrees, and the division of the 
vernier coinciding with a division on the limb, indicates 
2 minutes and 10 seconds, which, added to 22°, gives the 
above angle. 

In reading ofE the limb of a theodolite or sextant very 
much depends on practice, and also on the way in whicn 
the observer handles the magnifier, by means of which the 
vernier is read ; the rim of one's hat, for instance, is often 
very much in the way, and it is often necessary to hold 
the hand so as to shade the readings from the glare of a 
bright sun on the white silver metal. 
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THEODOLITES. 

The ordinary or Cradle Theodolite, -^The theodolite is 
the engineering surveyor's chief instrument of observation 
for land or coast surveys, and for setting out work. It 
is principally used where the operations are on a large 
scale, as it is somewhat cumbersome to carry about, for 
which reason many of us prefer the box sextant when we 
can possibly dispense with the theodolite. 

These instruments are mada of various sizes, the 
diameter of the limb indicating its size generally ; thus 
we have 4, 5, 6, 7, and 8 inch theodolites ; for geodetic 
operations they are very much larger. To the engineer- 
ing surveyor we woidd recommend the 6-inch instrument ; 
it is certainly heavy, but we may do anything with it, 
either in surveying or setting out. 

The annexed figure represents a cradle theodolite, ac- 
cording to the make of Elliott Brothers, or Troughton 
and Simms. It consists in the first place of two circular 
plates, L and v ; the first is called the limb, and the 
second, turning freely upon it, is the vernier plate. 

Both have a horizontal motion by means of the axis 
shown underneath. This axis consists of two parts, ex- 
ternal and internal ; the former is secured to the graduated 
limb, L, and the latter to the vernier plate, v. Their form 
is conical, nicely ground and fitted to each other, and in 
well-made instruments they have a soft, steady motion. 
The external centre also fits into a ball, concealed in the 
figure by the parallel plates, and the parts are held 
together by a screw, partly visible in the cut, under the 
horizontal Hmb. 

The diameter of the lower plate is greater than that of 
the upper one, and its edge is chamfered off and covered 
with silver, to receive the graduations. 

On opposite parts of the edge of the upper plate, or 
180° apart, a short space, v, is also chamfered, forming, 
with the edge of the lower plate, a continued inclined 
plane ; these spaces also are silvered, and form the vernier, 
which we have described above. 
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TKe lower limb is usually graduated to tliirty minutes 
of a degree ; this, however, depends on the size of the 
instrument. It is subdivided by the vernier to single 
minutes. The six-inch may usually be read to twenty 
seconds. 

The parallel plates, p, are held together by a ball and 
socket shown between them, and are set firm and parallel 



to each other by four milled-headed screws, three of which 
are shown in the figure. 

These turn in sockets fixed to the lower plate ; they are 
set in pairs opposite each other; they act in contrary 
directions. The instrument by these means is set up level 
for observation. Beneath the parallel plates is a female 
screw adapted to the staff head, which is connected by 
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brass joints to three mahogany legs. We should hardly 
have mentioned these but for the fact that it is with 
regard to these that the instrument often gets out of 
order. Many persons lean so heavily on them when set- 
ting up the instrument that the screws get loosened, and 
the instrument becomes shaky. These screws should be 
looked to occasionally, and, if necessary, they should be 
tightened. The legs are so constructed that, when shut 
up, they form one round staff, secured in that form, for 
clrriag^, by brass rings sUpped over them. 

When opened out they make a very firm stand, however 
uneven may be the ground. We may also observe, with 
regard to the material of which the legs are made, that we 
prefer deal painted black, this being of a larger size than 
that usually made, and considerably longer. 

The lower horizontal limb, l, may be fixed in any posi- 
tion by tightening the clamping screw, which we have 
already referred to, which causes the collar to embrace the 
axis and prevent its moving. It is, however, requisite 
that it should be fixed in some precise position, more 
exactly than can be done by the hand alone ; the whole 
instrument, when thus clamped, can be moved any small 
quantity by means of the slow motion screw, s, which is 
attached to the upper parallel plate, p. 

In like manner, the upper or vernier plate, v, can be 
fixed to the lower in any position by a clamp, c. This 
also is furnished with a slow motion, the sorew of which, 
T, is usually called the tangent screw. 

The motion of this limb, and of the vertical arc, here- 
after to be described, is sometimes effected by a rack and 
pinion, which is greatly inferior for so delicate an opera- 
tion ; this we only mention by the way, because many of 
these instruments are still to be met with. 

Upon the plane of the vernier plate, v, two spirit levels, 
/ /, are attached ; they are placed at right angles to each 
other, with their proper adjusting screws. Their use is to 
determine when the horizontal limb is 4t level, as the 
bubbles should then be in the centre of their runs. A 
compass is also supplied in the centre of the instrument. 

The frames, t, support the pivots of the horizontal axis 
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of the vertical arc, or semicircle m, on whicli the telest^ope 
is placed. 

The arm which bears the microscope for reading the 
angles of elevation or depression which are denoted by the 
vernier u, on the vertical limb or arc, has a motion of 
several degrees between the bars of the frame, and can be 
moved before the face of the vernier for reading it off. 

Another arm clamps the opposite end of the horizontal 
axis, by turning a screw, and has a slow motion tangent 
screw at o, by which the vertical arc and telescope are 
moved any very small quantities up or down, to perfect 
the contact, when an observation is made. 

One side of the vertical arc is inlaid with silver, and 
divided into single minutes by means of its vernier. The 
other side shows the difference between the hypothenuse 
and base of a right angled triangle ; this gives the number 
of links to be deducted from each chain's length, in 
measuring up or down any inclined plane, to reduce it to 
the horizontal measure. Such, at least, is the description 
and motive of the makers on this point, but we never 
knew of a surveyor having recourse to the process. 

The long level which is shown under and parallel to the 
telescope, is attached to it at one end by a joint, and at the 
other by a capstan-headed screw, which being raised or 
lowered will set the level parallel to the optical axis of the 
telescope, or line of coUimation ; there is a screw for 
adjusting it lateraUy to true paraUelism in this respect. 

The telescope has two rings or collars, shown over it, 
ground truly cyKndrical, on which it rests in its supports, 
called y's from their resemblance to that letter. It is con- 
fined in its place by clips, which may be opened by 
removing the pins which keep them closed, for the pur- 
pose of reversing the telescope, or allowing it a circular 
motion round its axis during the adjustment. This is a 
great recommendation in the cradle theodolite. 

In the focus of the eye-fflass are placed three lines, 
formed of spider's web, one horizontal and two crossing it 
diagonally, so as to include a small angle between them ; a 
meSiod which is better than having one perpendicular 
line, because an object at a distance, such as the foot of a 
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ranging rod, can be made to bisect the said small angle 
with more accuracy than it can be bisected by a vertical 
wire, which occupies space and obscures vision in the 
wrong place. 

The screws adjusting this little piece of mechanism are 
shown near the eye end of the telescope ; there are four of 
these placed in pairs, at right angles to each other ; so 
that by easing one, and tightening the opposite one of each 
pair, the intersection of the cross wires may be placed in 
adjustment. The object glass of the telescope is thrust 
out by turning the milled head on the side of the telescope, 
that being the means of adjusting it to show an object 
distinctly. 

A brass plummet and line are packed in the box with 
the theodolite, to suspend from a hook imder the centre of 
the instrument. It is by this means that the vertical axis 
is placed exactly over the station from whence any observa- 
tion is to be taken. This plummet we always cast aside ; 
it is not one quarter heavy enough for the purpose for 
which it is intended, the slightest breath of wind setting 
it oscillating at the time it is wanted to plumb over the 
station ; it is besides in a dangerous position in the box ; 
we prefer a much largef plummet, which we carry in our 
pocket. 

There are besides, if required, two extra eye-pieces, for 
the telescope to be used for any astronomical observations. 
The one inverts the object, and has a greater magnifying 
power, and more light ; it is this eye-piece which is now 

fenerally used, more particularly for surveying purposes, 
he other is a diagonal eye-piece, which is a great con- 
venience for observing any object having considerable 
altitude ; this, however, is sometimes left out of the box. 

Line of Collimation, — ^This is the first adjustment to be 
looked at ; the object of it is to make the intersection of 
the cross hairs of the diaphragm coincide with the axis of 
the cylindrical rings in which the telescope turns. This 
adjustment is known to be correct when, during an entire 
revolution of the telescope in its rings, the intersection of 
the wires, or cross hairs, continues fixed on the same point 
of some distant object. 
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The first thing to be done is to draw out the eye end of 
the telescope until a sharp and distinct vision is obtained 
of the cross hairs ; this requires more care than may at 
first appear necessary ; it is because of the extreme fineness 
of the spider's web threads. When these have been 
brought out sharp and clear, and the telescope brought to 
bear on the distant object, the object glass is thrust out- 
wards by means of the milled head on the side of the tele- 
scope, until clear vision is obtained of the object in the 
distance ; now move the eye right and left before the eye 
end, and see if in doing so the cross hairs are steady or 
whether they appear to move as the eye does ; when this 
is the case it denotes parallax, and it is very common in 
fine bright weather; the eye-piece must then be very 
slightly moved, and also the milled head, until all appears 
steady, at the same time that distinct vision is obtained of 
the distant object and also of the cross hairs of the 
diaphragm. 

We may now see about the actual line of collimation. 
First, make the centre of the horizontal wire coincide with 
some well-defined and motionless point in a distant object ; 
then turn the telescope half round in its y's, till the level 
lies above it, and observe if the same point be again cut by 
the centre of the wire ; if not, move the wire one-half the 
quantity of deviation, by turning two of the screws at the 
eye end of the telescope, releasing one before tightening 
the other, and correct the other half by elevating or 
depressing the telescope ; now, if the coincidence of the 
wire and object remain perfect in both positions of the 
telescope, the line of collimation in altitude or depression 
is correct, but if not, the operations must be repeated care- 
fully, until the adjustment is satisfactory. A similar pro- 
ceeding will also put the vertical line correct, or rather 
the point of intersection, when there are two oblique lines 
instead of a vertical one. 

The second adjustment is that which puts the level 
attached to the 'telescope parallel to the rectified line of 
collimation. The clips being open, and the vertical arc 
clamped, bring the air-bubble of the level to the centre of 
its glass tube, by turning the tangent-screw, o, which 
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being done, reverse tlie telescope in its y's ; that is, turn 
it end for end, which must be done carefully that it may 
not disturb the yertical arc, and if the bubble resimie its 
former situation in the middle of the tube, all is right ; 
but if it retires to one end, bring it back one-half, by the 
screw, which elevates or depresses that end of the level, 
and the other half by the tangent-screw, o ; this process 
must be repeated imtil the adjustment is perfect; but to 
make it completely so, the level should be adjusted later- 
ally, that it may remain in the middle of the tube when 
inclined a little on either side from its usual position 
immediately under the telescope ; this is effected by giving 
the level sufeh an inclination, and, if necessary, turning 
the two lateral screws. If making the latter adjustment 
should derange the former, the whole operation must be 
carefully repeated. 

The third adjustment is that which makes the azimuthal 
axis, or axis of the horizontal limb, truly vertical. 

Set the instrument as nearly level as can be done by the 
eye, fasten the centre of the lower horizontal limb by the 
staff-head clamp, leaving the upper limb at liberty, but 
move it till the telescope is over two of the parallel plate- 
screws, p ; then bring the bubble of the level under the 
telescope to the middle of the tube, by the screw ; now turn 
the upper limb half roimd, that is 180°, from its former 
position ; then, if the bubble return to the middle, the 
limb is horizontal in that direction, but, if otherwise, half 
the difference must be corrected by the parallel plate-screws 
over which the telescope lies, and half by elevating or 
depressing the telescope, by turning the tangent-screw, o, 
of the vertical arc ; having done which, it only remains to 
turn the upper limb forward or backward, 90°, that the 
telescope may lie over the other two parallel plate-screws, 
p, and by their motion set it horizontal. 

Having now levelled the limb-plates by means of the 
telescope level, which is the most sensible upon the instru- 
ment, the other air-bubbles fixed upon the vernier plate 
may be brought to the middle of their runs by merely 
giving motion to the screws which fasten them in their 
places. 
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The vernier of the vertical arc may now be attended to ; 
it is correct, if it points to zero, when all the foregoing 
adjustments are perfect ; and any deviation in it is easily 
rectified by releasing the screws by which it is held, and 
tightening them again after having made the adjustment, 
or, what is perhaps better, note the quantity of deviation as 
an index error, and apply it, plus or minus, to each vertical 
angle observed. This, however, necessitates making a note 
of the error. 

This deviation is best determined by repeating the 
observation of an altitude or depression, in the reversed 
positions, both of the telescope and the vernier plate : the 
two readings will have equal and opposite errors, one half 
of their difference being the index error. Such a method 
of observing angles is decidedly the best, since the mean 
of any equal number of observations taken with the tele- 
scope reversed in its v's must be free from the effects of 
any error that may exist in the adjustment of the vernier, 
or zero of altitude. 

The theodolite, as constructed in the manner we have 
described, is not inconveniently heavy, as the diameter of 
the horizontal limb seldom exceeds six inches ; but when 
the diameter is increased, the other parts must be made 
proportionably large and strong, and the instrument be- 
comes weighty and cumbersome to carry from station to 
station. The object of increasing the dimensions is, to 
enable the instrument to furnish more accurate results, by 
applying a telescope of greater power, and by a more 
minute subdivision of the graduated arcs. With the in- 
crease of size, a small variation takes place in the construc- 
tion, and in the manner of attaching the supports to the 
horizontal limb, to afford the means of adjusting the 
horizontal axis, and making the vertical arc move in a 
vertical plane. 

The transit theodolite is now the favourite instrument, 
though we do not consider that its adjustments are made 
under such favourable conditions as in the cradle theodo- 
lite, which we have just described ; the great length of 
the standards, we also fear, is rather against it. Its great 
advantage^ however, lies in the principle of construe- 
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tion implied by its name of transit ; in setting out work, 
this is unquestionably a great recommendation, because, 
wben the telescope requires to be turned end for end, it 
is merely necessary to make it revolve on its vertical axis, 
instead of having recourse to the troublesome operation of 
opening the clips in the cradle instrument, by the removal 
of pins every time this has to be done. 

The illustration on p. 99 represents a transit theodolite 
of the usual construction. 

The methods of adjustment are so similar to what we 
have already observed, that it would be needless repetition 
to give them again. 

We may, however, make a few observations as to the line 
of collimation. Set up the instrument in the manner we 
have already described, and, by means of the parallel 
plates, bring the bubbles of the levels on the vernier plate 
to the proper centres of their tubes : do this carefully and 
as patiently as possible. 

Select some well-defined object in the distance, and by 
means of the eyepiece and milled head of the telescope, 
adjust for distinct and steady vision ; the way in which 
this is done has already been described. Mark exactly 
where the cross-hairs of the diaphram intersect on the 
object referred to. 

Now loosen the clamp of the horizontal limb and turn 
the instrument bodily round. This will bring the tele- 
scope to bear at the eye end on the object of observation ; 
therefore, reverse it by turning it end for end. Clamp 
the horizontal limb, and perfect the bisection of the object 
by means of the tangent screw s ; now see that the bubbles 
of the levels are in the centres of their runs, which they 
should be, if the instrument has been turned properly out 
of hand. If there is any error in the collimation line, it 
may be corrected by means of the screws at d. Before 
doing this, however, release the vernier plate by loosening 
the clamp, c; turn the instrimient half round, by the 
vernier plate, reverse the telescope as before, bring the 
cross-hairs to bear on the object, and perfect the bisection 
by means of the tangent screw, t, after having clamped c. 
See to the bubbles, and examine if the distant object is well 
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bisected, now that the uLBtrument has been made to turn 
round exactly 180° j if not you may begin the necessary 
correction. 

Now loosen the clips at the top of the standards, which 
hold down the axis of the telescope, and turn it half over 



laterally, so that the long level attached to the telescope 
will be downwards, and see if the collimation continues 
correct. All this, however, should be examined before the 
inatrument is used in practice, and, if found incorrect, it 
should be sent back to the maker : this should be particu- 
larly looked to before going abroad ; otherwise, the want 
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of adjustment may be discovered at a very awkward 
moment. 

The object of the above exaiiiinations is to see to the 
levels of tne vernier plate as well as to the line of coUima- 
tion. If the whole instrument is in adjustment, the centre 
of the diaphragm will intersect the distant point, after the 
telescope has been turned over laterally in its standards, 

i'ust the same as it did before : if otherwise, the correction, 
y means of the screw d, will depend on whether the 
correction is required laterally by the side screws, or 
vertically by means of the top and bottom screws. Of 
course it is naif the error which has to be corrected. 

The telescope is in the next place brought back to its 
former or normal position, and again the correction is 
effected if any is required. This is to be repeated until 
the intersection is correct, whilst the telescope is supported 
on the standards in both of the above positions. It is under- 
stood that, as regards the vertical intersection, the clamp 
of the vertical circle, or limb, M, is fast, and remains 
undisturbed the whole time. With regard to the verniers 
of the vertical arc coinciding with zero and 180°, when the 
bubble of the level of the telescope is in the centre of its 
run, we should only have to repeat what we have said on 
the same subject relative to the cradle theodolite. 

eckhold's omnimeter. 

This important surveying instrument (made by Elliott 
Brothers), one form of which is shown in fig. 1, measures 
distances and altitudes with an extraordinary degree of 
accuracy and great economy of time and labour : it accom- 
plishes, without beiag moved, the work of theodolite, 
level, and chain, and may be used as a transit theodolite. 

This instrument, fig. 1, has a powerful microscope a b, 
permanently fixed at right angles to a telescope c d ; both 
microscope and telescope move on the same axis o, at 
right angles to one another in every position; the line 
through the centre of ^ (3? is always perpendicular to the 
line through the centre of a ft. 
* The microscope is directed to read the divisions of a 
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finely divided scale a b, which is fixed on the horizontal 
plate g. This scale is four inches in length, divided into 
100 equal parts, these principal divisions are pointed out 
by numerals engraved over or near them ; each ol these 
100 parts is halved by an un- numbered line, thus the four- 
inch scale A B is divided into aOO equal parts. The scale 
A B can be moved backwards and forwards by means of a 



micrometer screw ef, just one of these 200 divisions. The 
circle ef, of the micrometer screw, is divided into 100 
equal parts by lines properly marked and numbered ; each 
of these 100 parts is divided into 5 equal parts by means 
of a vernier, hence the four-inch scale a b is accurately and 
visibly divided into 100,000 equal parts. 
Lineur distances and altitudes are obtained by ttua 
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instrument by one and tlie same operation, with greater 
precision than by the chain or any other known means. 

A level h i, is fixed on the telescope cd, so that the axis 
of the telescope, whenjrequired, may be placed parallel to 
the divided scale a b. 

The divided circidar arc k I, fixed on the common axis 
through o, is employed, as in the theodolite, to take 
vertical angles. 

To understajid the mathematical principles upon which 
this instrument is constructed the operator requires but a 
trifling amount of geometrical skill. 

In fig. 2, o is the centre point of the axis of rotation 
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directly over the divided scale ab; ob, the base line of the 
instrument, which may be found by experiment or by cal- 
culation ; mn, a, stafE of known length, say ten feet ; 6, the 
departure point of the scale, when the telescope is parallel 
to A B ; in this position, from the nature of the construc- 
tion, the microscope points in the direction of the line o J, 
which is perpendicular to a b. 

Then, if the telescope be pointed to m, the microscope 
will be directed to w' ; the line o m^ being perpendicular to 
the line o m. Again, if the telescope be directed to the 
point n, the microscope will be in the direction of o n', 
which is evidently perpendicular to on. Then from a 
similar triangle we have m^ n^ : o b : m n : oi& ; the perpen- 
dicular distance from the line m n e passing through the 
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m n X o b 
staff mn,.', oe= m^ n^ : hrix :mn: we con- 

mnxhri ftn'xoE 
sequently the altitude w e= or= 
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m n oh 

The perpendicular o J, which is termed the base line of 

the instrument, when the temperature is not very variable, 

maybe found very accurately by taking o e about 100 feet 

and placing the tei^-f eet staff mn q.8 shown in fig. 2 ; for we 
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have o 6= 

m n 

Method of Operating tvith Eckhold^a Patent Omnimeter. — 
1st. Place the staff in a vertical position at one extremity 
of the line to be measured, and the instrument adjusted at 
the other end of the line, care being taken that the 
micrometer of the instrument be set at zero. 

2nd. Point the telescope to the upper line on the staff, 
clamp the telescope thus directed, and then look through 
the microscope to find what line on the scale a b, falls 
exactly between the two hair-lines t)f the microscope. 
Suppose the division numbered 67, on the scale a b, to fall 
between the two fine hair-lines of the microscope, 67,000 
would represent the position on the scale a b, to which the 
microscope is directed, for 67 stands for 67,000 parts out 
of 100,000, into which the scale is divided. Should the 
hair-lines of the microscope fall on an unnumbered division 
of the scale a b, for example, on the division between 67 
and 68, then 500 has to be appended to the lesser of the 
two numbers, and 67,500 would truly represent the 
position of the point, on the scale ab, determined by 
the microscope, while the telescope is directed to the upper 
line of the staff. But now, and let the operator mark it 
well, we are about to describe the most important case, the 
one which usually presents itseK in practice. Suppose the 
hair-lines that aesignate the centre of the microscope 
to fall between a numbered and an imnumbered line on 
the scale ab, that is, to divide the space between the 
numbered line 68,000 and the imnumbered line 67,500 
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into two parts, the scale 
muBt be pressed forward 
by turning the micrometer 
circle to the right, imtil the 
line 67,500 comes between 
the hair - lines of the 
microscope. Suppose the 
micrometer circle to read 
235, that number must be 
added to 67,500, then the 
position of the required 
point m' on the scale A B, 
is designated by the num- 
ber of 67,735. The read- 
ings on the micrometer 
circle are + for elevationB 
and — for inclinations. 
After each operation the 
micrometer circle should 
be turned to the left, back 
to the 500, to prevent any 
mistake, as it is made to 
go beyond that point each 
way, that the operator may 
correct any error in the 
departure point when re- 
quired. 

3rd. The telescope and 
microscope are undamped, 
and a similar operation has 
to be performed with re- 
spect to the lower line on 
the stafl:', which ia not to 
be moved until the second 
observation is made; the 
first position and adjust- 
ment of the instrument 
are retained, allowing the 
telescope and microscope 
to move in the same ver- 
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tical plane. Let the second reading at n\ fig. 2, give 
66,015. 

Let m' n'=67,735— 66,015=1,720 as in the example we 
have taken ; and suppose the stafE m n=10 feet between the 
upper and lower marks, o6=6 inches (by construction), 
therefore o i=150,000 equal parts, when 4 inches contain 
100,000 such parts. 

mnxob 10x150,000 

. • . o E= — — = — — =872-09 feet. 

m'n' 1-720 

Hence for calculating distances we have the following 
easy rule : — ^Multiply the length of the sta£E in feet by the 
length of the base of the instrument in micrometric equal 
parts, and divide the product by the difference of the two 
micrometer readings on the staff, the quotient wiU be the 
required distance. 

Any error in the departure point may easily be removed 
by holding the milled head tightly between the thumb 
and finger, and turning ef to the right or left the quantity 
required ; if too tight to move, loosen the screw in the 
milled head a little, taking care to tighten it again 
when set right. The instrument must first be carefully 
levelled. 

Thus, for calculating altitudes, we have the following 
simple rule : — Multiply the length of the staff in feet by 
the micrometric distance b n% between the point of depar- 
ture by and nf the reading for the lower mark of the staff, 
and divide this product by the difference of the two micro- 
meter readings of the staff; the quotient will be the 
required altitude. 

Heights are termed positive or negative, according as 
the readings on the scale a b are greater or less than the 
readings which designate the departure point b, of the 
scale A B. 

Eckhold, the inventor of the * Omnimeter,* recom- 
mends the following form of field book when operating 
with his instrument :— 
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Base Line a 160,000. 
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It may be necessary to remark that the base scale a b 
is not required of any particular length, so that it is 
divided into 200 equal parts, and that the micrometer 
circle, with its vernier, divides each of these parts into 
5,000 equal parts. 

Without altering the principles upon which the * Omni- 
meter ' is constructed, engineers may require different 
modifications and arrangements to suit their particular 
requirements. 

THE EVEREST THEODOLITE. 

This instrument, differing in many particulars from 
either of those above described, was first made by order 
of the late Colonel Sir George Everest, the talented 
superintendent of the Indian Trigonometrical Survey, by 
Troughton and Simms. A great number were sent out to 
India. 

When an instrument with a large limb is required, 
this theodolite possesses many advantages. The figure 
on the following page illustrates one made by Elliott 
Brothers. 

One recommendation is the broad base on which it 
stands, and the distance apart of the parallel plate screws, 
which afford the means of the most delicate horizontal 
adjustment. 

The horizontal limb consists of one plate only, and the 



ADJUSTMENTS OF EVEREST THEODOLITE. 307 

index is formed by three radiating bara, v, one of which 
carries a clamp for fastening the index to the limb, and a 

Blow-motion screw. The instrument has the power of 
repeating, the horizontal limb being firmly fixed to a 
centre, movable within a tripod support, and governed 
by a clamp and tangent screw. 

The great advantage of the tripod stand is, that it can 



be very easily removed from the top of the staff, and placed 
upon a parapet or wall, where the staff cannot be used. 

The telescope is mounted in the manner of the transit, 
but the standard is of a much more solid description. 

The vertical angles aro read off on two arcs of circles, 
M M, which have the horizontal axis as their centre, and 
being attached to the telescope, move with it in a vertical 
plane. 

An index, upon the same centre, carries two verniers, 
V v, and it has a spirit-level attached to it by which the 
index can be set in a horizontal position ; so that what- 
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ever the position the telescope^ and consequently the gradu- 
ated arcs, may have, when an observation is made, the mean 
of the two readings will denote the angle of inclination. 

We may here observe that this will always be found the 
safest way of taking angles of depression or elevation, 
with any theodolite whatever ; it eliminates all errors of 
adjustment, and we invariably adopt it. 

To set the instrument level, bring the bubble attached 
to the horizontal bar in a direction parallel to two of the 
foot-screws, and by their means send the bubble to the 
centre of its run ; turn half round, and if the bubble has 
got out of its centre, correct half the deviation by means 
of the level itself, and the other half by means of the 
foot-screws. 

This being perfected, turn the telescope one quarter 
round, when the level will be over the third foot-screw, 
which must be moved to set the level correct. The line 
of collimation is adjusted by means of the coUimating 
screws, and giving motion in azimuth. 

THE SEXTANT. 

The sextant is not usually a surveyor's instrument ; but 
for marine work — ^when the box sextant is used only with 
difficulty for very long lines on account of its want of a 
useful telescope — ^the sextant proper offers many advan- 
tages. 

The principle is exactly the same as that which has 
been given relative to the box sextant. 

The instrument is represented in the following figure. 

L L^ is the graduated limb, and i the index glass fixed 
to the bar carrying the vernier v, and magnifying glass 
M. The horizon glass is shown at h : one half is silvered ; 
the other half is seen through by direct vision, from the 
point o ; the angle actually measured is that formed by 
the two glasses, that is, the index and horizon glasses. 
Let it be noted that, in reading off on the arc of excess, 
either in the sextant or box sextant, the vernier must be 
read backwards. A clamp, c, fastens the index to the 
limb, and t is the tangent screw to perfect the coinci- 
dence of the two objects observed. 
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The ring wliich carries the telescope, o, is connected to 
the up and down piece, which enables it to be raised or 
lowered by means of a milled head ; the object of this is to 
cause the objects seen directly and by reflection to appear 
of equal brightness, and to prevent parallax. The adjust- 
ment for distinct vision through the telescope is merely to 
slide the eyepiece backwards or forwards, as required. 

There are several dark glasses, any of which may be 



used when the light is too intense for the eye, either as 
regards the index glass or the horizon glass. 

The parallelism of the index and horizon glass is ex- 
. amined by the same means as those described for the box 
sextant ; that is the disc of the sun. But for a complete 
understanding of the mere construction of the sextant, we 
refer the reader to Mr. Heather's " Treatise on Mathe- 
matical Instruments," in Weale's series. 



CHAPTEE V. 

OFFICE INSTRUMENTS. 

THE CIBCnLAS PBOTIL/LCTOB — ^HOWLETT'b PBOTRiOTOB — STANLEY'S NEW 

PBOTBAOTOB. 

The mstruments used in the office for laying down on 
paper the angles measured in the field, either with the 
compass, box sextant, or theodolite, are called protractors. 
The chief of these is shown in the next figure. 

THE CIRCULAR PROTRACTOR. 




It consists of an entire circle, connected with its centre 
by the bars, b h. The centre of the metal is cut out, and 
a circular piece of glass fixed in its place ; on this are 
marked two lines intersecting each other at right angles, 
and dividing the small circle into four quadrants ; the inter- 
section of the lines denotes the centre of the instrument. 

When in use for laying down an angle, the protractor 
must be so placed on the paper that its centre coincides 
exactly with the angular point, from which it is supposed 
an angle has been taken on the ground ; in fact, the point 
represents a station. 

Round the centre, and concentric with the circle, is 
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fitted a collar, carrying two arms, d d ; in our figure one 
of these is represented opened out, and the other closed in 
over the instrument ; both of these arms, in the best 
instruments, have verniers at their extremities adapted to 
the divided circle. These are movable by hand by means 
of an arm, connected with a clamp and slow-motion screw, 
T, by means of which any minute subdivision of the limb 
by the vernier is effected in the same manner as the tan- 
gent screw of the theodolite. 

The branches, d d, of the arms carry, each of them, a 
fine pricker. These points and the centre of the instru- 
ment must be exactly in a straight line, or the instrument 
is not in adjustment. The points are prevented from 
scratching the paper as the arms move round, by means 
of steel springs, which lift the points off the face of the 
paper, ^ter setting the centre of the protractor over 
the angular point, and fixing the verniers to their proper 
angle from the field book, a slight downward pressure 
must be given to the branches to cause the points to make 
a fine puncture on the paper ; a straight line drawn 
through these and the station or centre of the protractor 
will give the line to form the angle required. 

The glass centre-piece is placed as nearly even as pos- 
sible with the under-surface of the instrument, that no 
parallax may be occasioned by space between the lines on 
the glass-centre and the surface of the paper. 

By means of the vernier, the protractor is graduated 
to single minutes, which, considering the numerous sources 
of inaccuracy in this kind of work, is the smallest angular 
quantity we can pretend to lay down correctly. 

It wil be barely necessary to observe that in the same 
manner as we can lay down one angle at a time with this 
instrument, so we may also lay down any other number. 

The instrument is steadied on the paper by means of 
the short points which are attached to the under-surface. 

Mr. Hewlett, late chief draughtsman to the Ordnance, 
made the following objections to the circular protractor : — 

* The circular protractor is generally considered to be a 
reliable instrument for plotting the angles of a survey ; 
but it has the following five objections : 
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* It is only steadied by being attacbed to tbe paper by 
pins, and in moving tbe arm it is liable to sbif t. 

* As tbe vernier bas to be set wbilst tbe protractor is 
fixed on tbe paper and cannot be beld to tbe ligbt, in 
some positions tbe divisions cannot be seen ; or, if tbe 
protractor be taken from tbe paper, time is lost and 
error is caused by baving to replace it on tbe working 
meridian. 

* Wben tbe wbole set of angles required are set ofE and 
numbered tbey bave to be transferred to tbe station, one 
after tbe otber, witb parallel rulers, in doing wbicb mucb 
error creeps in, botb wbile setting tbe edge of tbe ruler 
against tbe points, and tben in sbifting tbe ruler along to 
a distant part of Uie paper. 

*It is a very delicate instrument, liable to be soon 
strained and rendered unfit for use. 

* Lastly, tbe general inaccuracy wbicb tbis metbod im- 
plies, for tbe sources of error are so many tbat tbe work 
cannot be finisbed satisfactorily, and wben done it is 
little better tban a survey plotted witb a common pro- 
tractor, wbere tbe degrees and balf degrees only are marked. 

* In making surveys of estates and parishes, wbile on 
balf -pay, I suffered mucb for want of a better system of 
plotting tban any I could find after making every inquiry 
and searcbing books on tbe subject. Sucb metbods do not 
meet tbe exigencies of practical men, and bence it is usual 
to employ tbe cbain alone.' 

Mr. Hewlett's description of bis semicircular protractor, 
of wbicb we give an illustration on tbe next page, is as 
follows : — 

* As, wben away from bome, it seldom bappens tbat tbe 
surveyor can obtain a good drawing-board, or even a table 
witb a good straigbt edge, I fix a flat ruler to any table 
by means of a pair of clamps, and against tbis ruler I 
work tbe T-square, one side of wbicb bas tbe stock flusb 
witb tbe blade ; or, if a straigbt-edged board be at band, 
tben tbe square may be turned over and used against tbat 
edge instead of tbe ruler. Here tben is tbe most perfect 
kind of parallel ruler tbat art can produce, capable of 
carrying tbe protractor over tbe wbole of a sbeet of plot- 
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ting-paper of any aize, and may be used upon a table of 

any form. It is convenient to suppose the north on the 

howlett's proteactok. 



left hand, and the upper edge of the blade to represent 
the meridian of the station. 

' The protractor is held in the hand while the vernier is 
set, which is an immense comfort to the sight ; and it will 
be seen that as both sides of the arm are psj^el with 2ero 
and the centre, the angle may be drawn on the paper on 
either side, as the light or other circumstances may render 
desirable.' 

From this descriptioQ it is clear that angles taken with 
the theodolite can be transferred to the plot as accurately 
as the protractor can be set — ^namely, to a single minuto, 
and that, too, in a rapid and pleasant manner. 

' By means of the notch at the end of the arm, this 
instrument may be used in the manner of a circular pro- 
tractor.' This is bydrawins a pencil line along the eidge 
instead of using the steel point m the circular protractor, 

yfe stiftl l return to the practical use of this instrument 
in a future chapter ; we may here observe that, for many 
purposes, this protractor is very convenient. 

Besides the above two instruments, there is the card- 
board protractor, to which we have already referred ; and 
also a large-sized metal protractor, but without any vernier, 
which many prefer to any other description of protractor. 

OTANLEY's new PROTBACrOR. 

In measuring angles on a plan or map, such, for in- 
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stance, as the angles at the jiinction of roads or boundaries 
of properties, it is usually necessary to extend the lines, 
by means of a pencil, in each direction before the instru- 
ment can be applied. This is a trouble and a source of 
error, as, if the pencil mark be either thicker or thinner 
than the original line to which it is to be joined, a slight 
divergence is scarcely noticeable. To remedy this, Mr. 
E. F. Stanley, of Great Turnstile, W.C, has lately brought 
out a new protractor, by which direct measurement can be 
made from the paper, without any preparation. Further, 
the angle between lines which do not meet can be mea- 
sured without their intersection being found. Fig. 1 





Fig. 1. Fig. 2. 

shows the instrument as constructed for engineers. It 
consists of two concentric metal circles, of which the 
outer is divided into degrees and half -degrees, while the 
inner bears an index mark, and a vernier by which the 
former scale may be divided into minutes. Upon these 
two circles are mounted two arms meeting at a point or 
apex ; and as the circles are movable with relation to each 
other, the arms can be set to include any angle up to 
360 deg., and the size be read upon the scale. The lower 
surface of the outer ring, and the bottom sides of the 
two arms, lie in the same plane, and when the instrument 
is placed on the paper, the arms can be set with the 
greatest accuracy to the lines the inclination of which has 
to be measured. Fig. 2 shows a modification of the in- 
strument, designed for use as a goniometer for measuring 
large crystals, planes of cleavage in rocks, and the like. 
The protractor has a circle about 6 in. in diameter, while 
the second instrument is smaller, and can be carried in 
the pocket. 



CHAPTEE VI. 

APPLICATION OF TRIGONOMETRY TO SURVEYING. 

GEOMETRICAL MEMOBANDA AND TRIOONOMBTRICAL BULE8 — PRACTICAL 

TKIOONOMBTRY ; RULES. 

The complement of an arc is the difference between that 
arc and a quadrant or right angle ; thus, 30° is the complex 
ment of 60^, the angle of 90° being made up of 60° and 30°. 
The supplement of an arc is the difference between that 
arc and a semicircle or two quadrants of 180° ; thus, 30° 
is the supplement of 150°. 

Any side of a triangle may be taken as the base of such 
triangle; but for either the purpose of calculation, or that 
of plotting or describing on paper, it is always best to take 
the longest side. 

The greater angles of any triangle are subtended by the 
greater sides, and its equal angles are subtended by equal 
sides. 

The three interior angles of every triangle are equal to 
180°, or two right angles. 

Triangles with equal sides have also equal angles. 

If two triangles have two angles equal, each to each, the 
remaining angles of each triangle will be equal to each other. 

The exterior angle of any triangle is contained between 
a side and the adjacent side produced. 

A B c is an exterior angle to the triangle a b d, and a b d 
is its adjacent angle (fig. 31). 

The angles made by one line falling on another line are 
equal to 180° ; so, therefore, are the adjacent and exterior 
angles of any triangle. 

The three angles of any triangle being equal to two 
right angles, the exterior angle is equal to the two interior 
opposite angles. 
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Lines produced through the summits of equal angles 
described on the same side of any base line will be parallel 
to such base (figs. 32 and 33). 

The segments of the sides of a triangle which are inter- 
sected by a parallel to the third side of the triangle are 
proportional (fig. 34) : 

D B : BE : : p A : E c, and a d : d b : : e c : e b. 

The intercepted portions of such parallels will be to 
each other as the segments of either of the sides are to 
each other. 

Lines produced through the equal and homologous sides 
of triangles also produced are parallel to the base on which 
such triangles are described (figs. 35 ai^d 36). If the 
triangles a e f and c g h are equal to each other, and if a b 
is equal to c d, then b d is parallel to e h. 

The sides of trians'les containing: equal an&:les are pro- 
portional. Any number of diviSoi^ of aI (fig. ,37), 
through which parallels are drawn to intersect a c, will be 
proportionals to the divisions of a c ; that is, a b will be to 
A c as A b is to a c, if 6 c is parallel to b c. If, then, we 
wish to divide any line, a c, into a certain number of equal 
parts proportional to the divisions of another line, as a b, 
we have only to draw AC through the point a, and, 
making an angle (the nearer to 60° the better) with a b, 
join B c, and through the divisions of a b draw parallels to 
B c to intersect a c ; these parallels will divide a c into 
equal parts ; as, for instance, for a scale, which will be 
proportional to the divisions of a b. 

The two sides of a triangle containing any angle bisected 
or divided into equal parts by a line produced to intercept 
the third side opposite to the given angle, will be propor- 
tional to the adjacent segments into which the third side 
is divided. Let the angle a (fig. 38) be bisected by the 
line A G D. 

Then, ab:bd::ac:cd; 

and bd:dc::ab:ac; 

and ae:e6::af:fg; 

and E G : G F : : A e : A F. 
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Two triangles cohtamingtwo angles, equal each to each, 
are similar triangles, and two rectangular triangles con- 
taining two right angles, and also any other angles, equal 
each to each, are sinmar triangles. 

Any line drawn perpendicularly to and bisecting any 
chord of a circle, is a diameter to such circle (fig. 39). 

Straight lines drawn through a circle, which are equal 
to one another, are equally distant from the centre. 

The angle at the centre of a circle is equal to twice the 
angle at me circumference, both standing on the same base 
or chord (fig. 40). 

Any angle in a semicircle standing on the diameter, that 
is, with one leg at one end and the other leg at the other 
end of such diameter, is equal to a right angle ; and the 
angle contained by a greater segment of a circle than a 
semicircle is less than a right angle, and the angle con- 
tained by a segment less than a semicircle is greater than 
a right angle. 

In any circle (fig. 41), a perpendicular from the circum- 
ference to the diameter is a mean proportional to the seg- 
ments into which the diameter is divided by the perpen- 
dicular ; that is, 

ad:dc::dc:db. 

To set out Perpendiculars on the Ground with a Chain 
only, — ^Let a b (fig. 42) be the line from the point o, on 
which a perpendicular is required. Make oc and od 
equal to 60 feet, and drive in an arrow at c and d, so as to 
hold down a handle of the chain at each of these points. 
Take the 50 mark in hand and draw it out towards e ; 
when the chain is exactly tight throughout, its centre will 
be at the point e, from which a line drawn to o will be a 
perpendicular to a b. To check the work, do the same 
thing at F ; if true, e o f will be exactly in line. 

To set out Parallels on the Ground, — Through the point 
c (fig. 43), to set out a line parallel to the line a b, set out 
any line d h and bisect it at f. From the point f on the 
given line, set out the straight line f e 6 ; make £ 6 equal 
to F E. Now take any other point on a b, but between f 
and b : measure c h, and bisect it as at i ; set out f i k ; 



118 APPLICATION OF TRIGONOMETET TO SURVEYING. 

measure f i and make i k equal to f i. If the work has 
been properly done g, c, k, will all three range in one line, 
and G K will be parellel to A b. 

The measurement of inaccessible lines we have already 
referred to, and we shall here only give one or two more 
examples. 

Let the line A b (fig. 44) cross a river of which the width 
is required ; take a convenient point, and two others, c 
and B, on the base a b ; the nearer the three sides of 
the triangle just formed are to equality, at a guess, the 
better. 

Set out c D F, a perfectly straight line ; measure c n, and 
make f d equal to it. Now make £ d g a perfectly straight 
line ; measure £ d, and make n g equal to it. 

Set up a rod at g, f, and d, and range the lines g f h 
and bdh; drive a peg at the point of intersection h. 
Measure f h, which will give the length of c d ; a check 
is obtained by measuring f g and e c, because they should 
be equal. 

PRACTICAL TRIGONOMETRY. 

The sine of an arc is a right line drawn from one 
extremity of the arc perpendiciilar to the diameter which 
intercepts the other extremity of the arc. a b is the sine 
of the angle o (fig. 45). 

The cosine of an arc is the sine of the complement of 
that arc, or of the part of the diameter which lies between 
the centre of the circle and the sine, b o is the cosine of 
the angle aob, and the sine of aom. Therefore the 
cosine of an angle is equal to the sine of the complement. 

The sine or cosine of any arc or angle can never exceed 
the radius ; the secant and cosecant are never less than the 
radius ; the tangent and cotangent admit of all possible 
degrees of magnitude. 

The tangent of an arc is a right line drawn perpen- 
dicular to the diameter, at one extremity of the arc, and 
terminated by a right line drawn from the centre through 
the other extremity, t n is the tangent of the angle aob. 

The cotangent of an arc is the tangent of the comple- 
ment of that arc. n t is the cotangent of the angle aom, 
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and the tangent m s of the angle a o m is the cotangent of 
the angle a o b. 

The secant of an arc is a right line drawn from the 
centre, through one extremity of the arc, and terminated 
by the tangent, or a line drawn perpendicular to the 
diameter at the other extremity, o x is the secant of the 
angle a o b. 

The cosecant of an arc is the secant of the complement 
of that arc. o s is the cosecant of the angle a o b, and the 
secant of a o m. 

The yersine of an arc or angle is that part of the 
diameter which lies between the beginning of the arc and 
the sine, n b is the versine of the angle a o b. 

The coversine of an arc is the versine of the comple- 
ment of that arc. c m is the coversine of the angle a o b, 
and N B the coversine of the angle a o M. 

The chord of an arc is a right line joining the two ex- 
tremities of that arc, as a d. 

The above belong equally to an angle as well as to the 
arc which is the measure of the angle. 

If the sine or cosine, secant or cosecant, tangent or 
cotangent, be required of any angle greater than 90°, it is 
the same thing to find the sine, cosine, secant, &c., of the 
supplement, or what it wants of 180°. 

The above sines are also called the natural sines, 
cosines, secants, &c., of the arcs or angles to which they 
belong. 

The sine, cosine, secant, &c., of any arc or angle bein^ 
of the same magnitude as the sine, cosine, secant, &c., of 
its supplement, as explained, it is evident that a table of 
these Imes calculated for every degree, minute, &c., of the 
quadrant, or 90°, will answer our purposes for the whole 
circle. 

In the tables of natural sines, cosines, tangents, &c., the 
radius is imity, and may be taken as 1 nule, 1 chain, 1 
yard^ &c., when the calculations deduced from calcidating 
by the tables will also be miles, chains, yards, or fractions 
of them. 

For instance, for the following angle, say 30° : — 



120 APPLICATION OF TBIGONOMETEY TO 8TTEVETING. 



The sine 
The cosme 
The secant 
The cosecant 
The tangent 
The cotangent 



will be '50000, equal to the cosine of 60"= 
•86602 „ sine 



99 



» 



cosecant 
secant 
cotangent ,, 
tangent „ 



1-16470 

2-00000 

•67735 

1-73205 

Saving the sine of an angle^ to find the cosine, tangent, and 
secant. — Subtract the square of the sine from the square of 
the radius ; the cosine will be equal to the square root of 
the remainder. 

To find the tangent. — ^Multiply the radius by the sine, and 
divide by the cosine ; the quotient is the tangent required. 

To find the secant. — Square the radius and also the 
tangent ; the square root of the sums will give the secant. 

Calculation of plane triangles. — ^All the varieties of cal- 
culations that can occur in the solution of the sides or 
angles of plane triangles are comprised in the f oUowing 
three cases : 

When two sides and their included angle are given. 

When of three given things, two are a side and the 
opposite angle. 

When the three sides of a triangle are given. 






BULES. 

When of the three given things two are a sid^ and the 
opposite angle. — ^The sides of any plane triangle are to each 
other as the sides of their opposite angles ; or, in other 
words — 
As any side is to the sine of its opposite angle. 
So is any other side to the sine of its opposite angle. 

As the sine of any angle is to its opposite side, 

So is the sine of any other angle to the opposite side. 

Therefore to find the sine of an angle, begin the propor- 
tion with a side opposite to the given angle, and then hav- 
ing the sine, look in the table for the corresponding angle. 

To find a side, be^ the proportion with the sine of the 
angle opposite the given side, that is the side of which the 
length IS given. 
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When two eddes are given, and the side opposite to one 
of them, the question is sometimes ambiguous. Thus if the 
given angle be opposite to the least of the two given sides, 
the angle to be found by the rule may be either an acute 
angle or its supplement ; but if it be opposite to the greater 
side, the reqiured angle will be acute. 

When two sides and their incltided angle are given, — ^As the 
sum of any two sides is to their difference. 

So is the tangent of half the sum of their opposite angles 
to the tangent of half their difference. 

Then the half difference of these angles, added to their 
half sum, gives the greater angle, and subtracted from it, 
gives the less. 

All the angles having been thus found, the remainder 
may be obtained from the former rule. 

When two angles are given, and the side opposite to one of 
them, to find the side opposite to the other. — ^This is a very com- 
mon case, in harbour or river surveying, and in very many 
instances of surveying in wild and imcultivated countries, 
which in many places are almost or quite inaccessible. 

As the sine of the angle opposite to the given side. 

Is to the given side. 

So is the sine of the other angle, 

To the side required. 

In fig. 46, let A B be the given side ; a b c, a given angle 
opposite to it, and cab the other angle. 

Put c, for the angle acb, and a for the angle cab. 

Then, 

sine of c : a b : : sine of a : b c, required. 

Then, 

A B X sine a ^ _ 

sme 

Let AB measure 1000 feet ; angle a = 63°, and angle 
c = 57^ 

The natural sine of angle a = 63° = 0-89101. 
The natural sine of angle c = 57° = 0-83867. 

1000 X 0-89101 1 r^ao.A 
0-83867 =^"^^^- 
which will be the length of b c. 
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If now we take tliis length from a scale, in a pair of 
eompasses, as a radius, and strike an arc with it from the 
point B, it will cut the line ac at c ; a line drawn fromc to 
B will be equal to 1062*4 feet. 

If the base a b had been equal to 10*00 chains, then we 
should have had for the length of bc, 10*62J, or 10 chains, 
and 62*4 links. 

Observe now that if the line a c is out at sea, as we here 
suppose to be the case, we get the point c, on the plan, 
where perhaps a soimding has been taken. 

Farther on along the Ime, let c' be another point where 
a sounding has been taken ; required the length of c'b. 

The angle a, and the length of the line a b remain un- 
altered ; then, a b X sine of a, remains constant, and we 
shall have only to look in the tobies for the natural sine of 
the angle c'. Let this measure 49° 30', the natural sine of 
which is 0-76040. 

Then, 

1000x0-89101 n^.Q 
,^^^ = 11718 = BC 

Bepeating the same operation as before, gives the point 
c , and so we may go on to any length. 

We might in the same manner have obtained the length 
of A c ; that is by similar calculation ; but we must first 
have subtracted a+c from 180°. 

Then we should have had, 

« sine c: ABlIsine of ba:c. 

In fig. 47 we have another example of the very useful 
application of right-angled trigonometry in the field. 

The base line a b intersects several branches of a river. 
If we can ascertain the lengths of c^, c„ C3, C4, the details 
may be picked up at any future opportunity, and there is 
no risk of the correct measurement of the base being 
endangered. 

Set out D A, equal to 500 feet, exactly at riffht angles to 
A b. This may be done with the theodolite or box sextant ; 
if with the latter, set out d, at a considerable distance from 
A b. At the same time pole out 1^ 2, 3, &c., on the base, 
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which should be done also with the instrument, when we 
want accurate results. 

Now measure the angles c d,, c d,, c d, ; 

Let the first equal 35° 
„ the second „ 60° 
„ the third „ 75° 10' 
„ the fourth „ 80° 5'. 

It will be seen that c b is a tangent to these angles. We 
have therefore only to take the natural tangents* of these, 
multiply them by the radius d a, to obtain the consecutive 
lengths along c b. 

Angles. Feet. Feet. 

Tangent of 36° 0' = 070021 X 500 = 350-1 = c, 
50° O' = 1-19175 X 500 = 595-87 = c^ 
75°10' = 3-77695 X 500 = 198797 = c, 
80° 5' = 5-71992 x 500 = 2859-96 = c^ 

The calculations are very short, the work is easily done, 
and the results very accurate, if a little precaution is taken. 
For instance, each of the points 1, 2, 3, &c., should be set 
out from D, so as to avoid fractions of minutes, which are 
liable to introduce angidar error, and complicate the cal- 
culations. Generally, even minutes, in such cases as the 
above, are unnecessary ; because when at d, having ascer- 
tained the whereabouts of 1, 2, 3, &c., we may set the 
instrument to a full degree, and pole out accordingly, the 
assistant on the base taking care to keep himself on the 
line. 

In the same manner as above we might have taken the 
angles at 1, 2, 3, and 4, but we should then have had to 
employ the tabular cotangents, instead of the tangents. 
The results would have been exactly the same. 

Angles. 

Thus, cotangent of 55° 0' = 0-70021 

40° 0' = 1-19175 

14° 60' = 3-77695 

9° 55' = 5-71992 

* For Tables of Natural Tangents, see ** The Engineer's, Mining 
Surveyor's, and Contractor's Field Book.'* Second Edition. Crosby 
Lockwood and Co. 



CHAPTER VII. 

THEODOLITE SURVEYING. 

SBTTINO UP THE IN8TSU1CBNT — SBTTING OUT AND PRACTICAL EXAMPLE OP 
8URYBTINO WITH THEODOLITE — ^PBOTRACTINO. 

We have ffiven in the preceding pages a full explanation 
of the whole process of chain-surveying, and also of the 
construction and adjustments of instruments. We shall 
now, without any further reference whatever to these sub- 
jects, explain the use of the theodolite in the field, and in 
the first instance we will say a few words about setting 
out bases with the assistance of this instrument. 

In fig. 48, let a and b be any two distant objects, which 
it has been determined to connect by a straight line or 
base ; but there is some difficulty in setting out the line, 
because of high ground between the two stations, which 
prevents the one being visible from the other. 

To set out a base line as a, b, the two points being in- 
visible from each other, on account of hi^ ground inter- 
vening between. — ^Take any convenient point, as c, and with 
a sextant or (better) with a theodolite, set out the angle 
of 90° A c G, and set up a pole at g, making c g, approxi- 
mately, some 15 or 20 chains. Now measure the angle 
G c B, and subtract it from 90°. Set out the angle g c e, 
equ^l to half the difference, c e will intersect a b at right 
angles. Let a pole be set up at e. Now set the sextant 
to 90°, and walk towards e, until with the sextant so set, 
you can see a and e, and b and e, this will be at the point 
F. If this point is on much higher ground than a and b 
you will not be able to do this exactly with the sextant, 
•because the instrument is only capable to measure ac- 
curately angles made by objects in one plane ; but you may 
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come 80 near to it, that by setting up the theodolite once 
or twice, at first roughly, and then accurately, you will 
obtain precisely the point required. By these means, a 
long base may be set out with any degree of accuracy. 
For instance, having assumed the point c, and set out c a 
at right angles to a c, let the angle gob measure 62'' 30'. 
The right angle minus 62° 30' equal to 27° 30' ; then make 
the angle g c e equal to half 27° 30' or 13° 45', when c e 
will intersect a b at right angles ; now proceed to find this 
point of intersection in the manner aboye explained. This 
method will be found more accurate than the following, 
which is only sufficiently approximate for short lines, or 
where accuracy is not absolutely required. 

If from c we had set out a right angle, q c a, c b would 
have bisected the angle g c d. 

The first thing, however, which we have to explain, is 
the method of setting up the instrument. We will suppose 
the tripod planted upon any convenient spot, the theodolite 
taken out of the box, and screwed on well home to the 
staff-head ; that the plmnmet has been fastened on to the 
hook imder the instrument by means of a slip-knot, that 
it may be easily raised or lowered as required to suit the 
height of the instrument oflt the ground. When the 
instrument is fairly set up, this plummet should hang 
exactly over the station peg, which we suppose has been 
driven at c. 

In doing this, we should as much as possible make use 
of the legs of the tripod, shifting one a little, and then the 
other, so as to bring the plummet over the right spot ; in 
doing this, however, it is necessary to take care that the 
instrument is not thrown too much out of level, because it 
would have to be brought back by the parallel plates, and 
this would throw the plummet off the centre. It may be 
observed that in handling the legs of the tripod, they 
should be set firmly in the ground, but not too much so at 
first ; gradually, as the plummet is brought over the station 
peg, they are nxed more and more firmly into the ground, 
so that you may walk round the instrument, and turn it 
round in the various directions required, without in the 
least affecting the legs of the tripod ; if they were not 
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firm, any external motion would disturb the instrument, 
and vitiate all the observations. 

We now suppose aU this has been attended to, and that 
we are about to set out the right angle a c g in fig. 48. 

Clamp the vernier plate to the limb at zero, and perfect 
this by means of the slow-motion screw t ; see that the 
other vernier is at 180°. Loosen the lower clamp, and 
turn the instrument bodily round towards a. 

Before you will be able to obtain distinct vision, you 
will have to attend to the eyepiece, so as to make the cross- 
hairs come out clear and sharp, and to thrust out the tele- 
scope by means of the millhead on the side of it. This has 
been more fully explained in describing the theodolite and 
its adjustment. 

Distinct vision of the object at a being obtained, the 
bisection of the centre by the crosshairs is perfected by 
the slow-motion screw s ; this in no way interferes with 
the connection between the vernier plate and the limb ; 
but it moves the instrument a small quantity bodily round. 
This bisection being perfected, see that the zero of one 
vernier is at zero, or 360° on the limb, and that the other 
points exactly to 180°, as they should do, whilst the bubbles 
of the two levels on the vernier plate are exactly in the 
centre of their runs ; the instrument is then in order to 
take any number of observations. 

Of course it has been imderstood that when first setting 
up over the station peg, this was attended to by means of 
the parallel plates, p. 

We have now to set out an angle of 90° ; release the 
vernier plate, by loosening its clamp c. Turn the instru- 
ment one quarter round ; do this gently, so that the body 
of the instrument may be in no way disturbed, as the zero 
of the instrument should stiU point truly to the object at 
A. When you have brought the zero, or broad arrow, of 
the vernier nearly to coincide with 90°, on the limb, tighten 
the clamp screw, which you have just loosened, and then 
perfect this coincidence by means of the tangent screw, t. 
This perfect coincidence is examined by means of the mag- 
nifier attached to the limb. It should then be observed 
wliofliAr the broad arrow of the other vernier exactly coin- 
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cides with 270°. This being so, the instrument is adjusted 
to set out an angle of 90°. 

Send a man forward with a pole in the direction required, 
approximately, and lower the telescope — ^we suppose its 
clamp has been loosened — so that you may be able to see 
the lower part of the flag pole. You then make signals 
right and left, as required, until the pole has been set up, 
so that it is exactly bisected at the foot, by the centre of 
the crosshairs of the diaphragm, o is then at the angle 
of 90° required. 

We may now see to measuring the angle g c b. 

Without in any way disturbing the instrument, loosen 
the clamp c, and turn the vernier plate round towards the 
object at b; this you will best accomplish by means of the 
standards or y's ; when you have thus nearly brought the 
centre of the diaphragm on the object, tighten the clamp 
c, and looking through the telescope, perfect the bisection 
by means of tangent screw, t. 

Look at your bubbles, to see they have not been dis- 
turbed, and then read off your angle by means of the 
vernier. Having noted this, you may loosen the clamp c, 
and turn the instrument roimd, over the 270°, towards the 
object at a; when the centre of the diaphragm nearly 
bears on it, tighten the clamp, and perfect the bisection 
by means of the tangent screw, t. Now look to see if the 
broad arrow of the vernier exactly coincides with zero oil 
the limb, as it did when you first started. This will test 
whether you have disturbed the instrument, bodily ^ in 
making your observations. 

If all is well, you may now subtract the angle gob from 
90°, and add the difference to d c a, the sum of the two ; 
you may now set the instrument so as to be able to set off 
the angle ace, as required. 

Or the instrument being last fixed on b, you may 
subtract the difference between do a and 90° trom 90°, 
which will give you the means of setting off the 
angle b c g. 

Without referring to this any further, because we have 
explained it at the beginning of the present chapter, we 
may suppose the point r, on the base, to have been found. 
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and the theodolite set up in the isame maimer as we did 
at c. 

We may now loosen the clamp c, and again bring the 
verniers to zero and 180°; tighten c, and perfect the 
adjustment by means of t. Loosen the clamp under the 
parallel plates, and turn theinstmment round to b. When 
the centre of the diaphragm nearly intersects b, tighten 
the clamp, and perfect bisection by means of the slow- 
motion screw, s. This being made venr perfect, loosen 
the clamp of the vertical limb, and turn tne telescope right 
over, end for end, towards a ; now look through, to see if 
A is bisected, which it will be if you have established your 
instrument on the straight line a b. 

We will consider this to be the case, and now to range 
out the line a b — ^that is, to set up a number of poles, so 
that a straight line may be chained from a to b — ^you have 
only to proceed with the assistance of the instrument 
exactly in the same manner as we described at page 7, 
when setting out a base without any instrument. 

If, on the other hand, we merely require the lengths 
from B to F, and from f to a, we ha^e only to take the 
angles b c f and a c f, and proceed in the same manner as 
we did for fig. 47, making c F our base. 

Practical Eooample of Surveying with the Theodolite. — ^We 
consider that our reader is now sufficiently acquainted with 
the use of the theodolite to be able to use it on a survey, 
and we shaU, therefore, give a practical example of the 
way in which this is done, on the best and readiest system. 

In fig. 49 we show the skeleton plan of an estate to be 
surveyed by chain and theodolite. As we have, however, 
fully explained the method of chaining and offsetting, we 
shall now refer only to the use of the instrument we are 
treating of. 

Before commencing operations the surveyor will gene- 
rally walk over and round the grounds he nas to make a 
survey of. He will more or less definitely determine on 
his circuit lines, and also on the points in the interior 
which he will make leading stations of. Looking at a 
piece of paper with a few lines upon it, aU this appears 
clear enough ; it is different when the irregularities of the 
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ground come to be encountered. In our plan, for instance, 
everything is plain enough, because we can take in the 
whole at a glance. We should try to find a spot on our 
survey where we can do the same as much as possible ; 
from such a place we can determine many of the points 
which can be made useful stations, and which can be 
observed from the circuit lines with which we purpose to 
surround the area to be surveyed. The larger this area 
the more important it will be to find a spot from which 
we can see as much of it as possible. 

This we must now suppose to have been done, and also 
that we have determined on stations where the centre of 
the protractor is placed on our figure. 

This spot has been selected because we there have two 
long lines down the road, right and left, and because it 
places the north point before us. 

Set up the theodolite at this first station ; level it, &c., 
as alreadv described ; loosen the compass needle, and send 
a man with a flag-pole up the road, as far as you can see, 
to station 2, and another to station 9, also as far as you 
can see, that is clear of obstructions. 

By the time this is done, the compass needle wiU have 
settled steadily to the magnetic north. With the vernier 
plate firmly clamped to the limb, at zero and 180°, loosen 
the lower clamp, and turn the instrument bodily round, 
imtil the zero of the limb coincides with the magnetic 
north ; this will disturb the needle a little, but it will soon 
settle again. 

Having done this, loosen clamp c and at once turn the 
instrument round on station 2 ; perfect the bisection of 
the pole by means of the tangent screw t, and read off the 
angle 2, 1, n, that is, the angle which the first line 2, 1, 
makes with the magnetic ; note this angle. You may 
now again loosen clamp c, and turn the instrument round 
to line 1, 9 ; perfect the bisection, and read off the angle, 
which will be n, 1, 9, the bearing which the line 1, 9, 
makes with the magnetic. 

Enter this also in your field book under the note last 
made: supposing there is a road going off in another 
direction from 1, turn the telescope round in this direc- 
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tion, selecting some convenient object at a little distance, 
and likewise read tliis bearing. 

If there are any objects in the interior of our area of 
which we wish to fix tne position in relation to our survey, 
and which can be seen from this station, treat them exactly 
in the same manner, and note the observations, one under- 
neath the other, in the field book, in such manner that 
we shall be certain at any future time to be able to tell 
what they refer to. 

Finally, bring the vernier plate back to bear on station 
2, and see that it reads, after perfect bisection, exactly 
the same as it did before ; this will be the case, if you 
have not in any way disturbed the theodolite whilst taking 
the bearings or angles above referred to. We have now 
only to add, as regards this station, that we should as 
much as possible fix stations, 2 and 9 for instance, so as 
to make the readings at 5 or 10 minutes. This may be 
done by looking at the vernier as soon as we have bisected 
the pole, to see what difference there may be ; then move 
the vernier back or forward, as most convenient, so as to 
make it coincide with some full division on the limb ; then 
again look through the telescope, and have the pole moved 
imtil it is intersected, always at bottom, if possible, by 
the crosshairs. Let the pole be then held fast in this new 
situation, until a peg is driven into the spot. 

Great care should be taken that this is always at a spot 
where the theodolite can be conveniently set up ; generally 
this is best done by the roadside, and out of the way of 
observation as much as possible. We have paid no atten- 
tion to this in our figure, which we merely want to make 
clear. 

The observations being complete at station 1, the instru- 
ment is taken up and removed to station 2, where it is to 
be set up again, levelled, &c., as before. The first thing 
now to be done is to release the under clamp ; now turn 
the theodolite round, with the telescope reversed to bear 
on station 1 ; by means of the slow-motion screw s, per- 
fect the bisection of the foot of the pole. Observe that this 
makes no difference in any of the angles, as we do not 
interfere with the vernier ; it only places the instrument 
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in position. Look to the yemiers, to see that there has 
been no disturbance. 

The object of reversing the telescope is to place the 
circle of the horizontal limb in the same position relative 
to the magnetic which it held when the instrument was at 
station 1. If, for instance, the reading there was 28^ 
north-west, then in the next station at 2, one of the ver- 
niers on the instrument will still be in this position — 
that is to say, the one that pointed to this angle, and the 
other vernier which lies exactly opposite to it, will point 
to station 1. 

The bisection of the pole at station 1 being perfected, 
after the instrument has been set up at 2, turn over the 
telescope, loosen clamp c, turn the instrument round 
towards pole 3, tighten clamp c, and perfect the bisection 
by the tangent screw x. Read oflF the vernier ; now ob- 
serve that mis gives on the limb of the theodolite precisely 
the same angle with the meridian as that shown as having 
been pricked off by the protractor at 3. That is, 3, 1, 
on the protractor is parallel to the line 3, 2, chained along 
the road, and they both make the same angle with the 
magnetic. 

The observations having been completed at station 2, 
the instrument is taken up and removed to station 3, 
where it is set up over the hole made by the pole in the 
ground, and levelled. Now loosen the lower clamp again, 
and, with the telescope reversed, turn the instrument 
round bodily to bear on the pole left at station 2 ; tighten 
the clamp, and perfect the bisection by means of the slow- 
motion screw s ; observe that we have not interfered with 
the vernier ; we have only fixed the instrument in posi- 
tion as before. 

The bisection being made perfect, loosen the clamp c, 
and with the telescope again reversed, turn the vernier 
plate round towards the pole at station 4 ; tighten the 
clamp, and make perfect the intersection by means of 
screw T ; read off the angle. 

Here, again, we may observe that this places the ver- 
nier, or the horizontal limb, exactlv in the same position 
that line 4, 1, is on the protractor m the plan at fig. 49. 
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The line 4, 3, along the road is parallel with 4, 1, on the 
protractor, and therefore makes the same angle with the 
magnetic. 

From this point several angles were taken with objects in 
the interior of the survey, these being shown by fine dotted 
lines ; each of these angles of course makes an angle with 
the magnetic meridian, and would be shown in the same 
manner on the protractor. Observe, however, that after 
having made the first observation at station 1, on the 
needle, we have not again referred to it on the ground ; 
we are therefore in nowise influenced by any local or 
diurnal variation of the compass needle. We merely take 
the vernier readings. 

The instrument is now removed to station 4, set up, and 
levelled ; the lower clamp is again loosened, and, with the 
telescope reversed, the instrument is turned round bodily 
to bear on station 3 ; tighten the clamp and perfect the 
bisection by means of the slow-motion screw s. Bead off 
your verniers to see there has been no alteration from the 
last reading. Now loosen clamp c, and having again 
reversed the telescope, turn the vernier plate roimd to 
bear on the pole held at station 5 ; tighten clamp c, and 
perfect the bisection of the pole by means of the tangent 
screw T. Read off the angle. 

The verniers of the instrument are at station 4, in the 
same position relative to the magnetic, as line 5, I, in 
fig. 49, as shown by the vernier of the protractor. The 
line 5, 4, is parallel to the line 6, 1. It will be observed 
that at every remove of the instrument the first thing to 
do, after levelling the instrument, is to loosen the lower 
clamp — ^that which is beneath the parallel plates — ^and to 
bring the instrument to bear on the back station, after 
having reversed the telescope; this perfected, we apply 
ourselves to the vernier clamp c, which loosens the vernier 
plate, enables us to turn it round, and obtain the required 
angles. In this manner, above described, we complete 
the circuit of our survey, repeating the same operations ; 
we need not therefore refer to them any further at 
present. 

Let it however be observed that o^ setting up the 
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instrument at station 9, we have completed the visual cir- 
cuit. Now the first thing we have again to do here is to 
loosen the lower clamp, reverse the telescope, turn round 
to the pole at station 8, perfect the bisection, release the 
vernier plate by loosening the screw c ; reverse the teles- 
cope, turn round to station 1, tighten the clamp c, and 
perfect the bisection. Read off the angle. 

We have now the critical moment of the survey, because 
the vernier should now read precisely the same angle as it 
did when at station 1 we took the bearing of the line 1, 9. 
If this is exact, then the work is very correct, and if the 
chaining has been good the work will be perfect. It is 
seldom, however, this occurs so closely as we could wish, 
and there is often a deviation of four or five minutes ; 
this will be the total amount of error, and should be 
divided over the whole of the observations or angles 
taken. 

If, however, care has been taken, as we have before 
suggested, to adopt the plan of avoiding fractions of 
minutes, and even as miich as possible to set up the station 
poles so that the verniers shall read some five or ten 
minutes, it will be foimd that a very considerable source 
of error has been eliminated. As we have already ex- 
plained how this is to be done, we need not refer to it 
again. We merely suggest the adoption of the plan, 
because on a very extensive town survey we made some 
years ago, and wnich was to be plotted to a very large 
scale for works, we were at first rather troubled as to how 
we should get rid of this general source of error. We 
were the more anxious about it because an immense 
number of angles had to be taken, many of the bends in 
the irregular streets not being more than thirty and forty 
feet long; it was when considering over the probable 
causes of error that we thought of this one, and we had 
afterwards every reason to be satisfied with the results of 
the course we adopted. In the case of any grave error 
at station 9, you must work back upon stations 8, 7, 6, 
imtil the error has been found out. 

With regard to stations in roads, we advise the sur- 
veyor as much as possible to get these by the roadside ; in 
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the first place, he will then not be disturbed by passing 
traffic, and if the pegs are well driven down, he will 
generally be able to find them again. As probably, how- 
ever, he will be sure to require some of these stations 
again to chain side lines from, it will be necessary that he 
should be sure of it ; besides the peg, therefore, we advise 
cutting two little marks in the banks in line with the 
peg ; or cut a few notches on some of the sticks in the 
hedge : you may make a hole at the station and bury a 
piece of paper. Avoid, however, making holes in the 
central portion of the road, as this might be productive 
of f atsd accident, and get the surveyor into serious 
trouble. 

It often occurs that a large survey is divided into 
several minor ones by the means we have above de- 
scribed ; it is therefore very necessary that these stations 
should be made in such a manner that we shall be certain 
to find them again. 

Protracting. — ^We may now proceed to protract the 
angles on paper, so that we may be able to get the exact 
form of our survey. 

We shall do this by means of Hewlett's Protractor, 
which we have described and explained the use of at 
page 113. 

To use the protractor, we should have a sheet of per- 
fectly flat paper, and a long pair of parallel rulers, or a 
X-sqnare. 

In the first place, draw in a line representing the mag- 
netic meridian, up and down the paper, and through this 
draw another line at right angles to the first, representing 
the east and west points ; see that you place these lines in 
a convenient part of your paper. 

Exactly over the intersection of the lines place the 
centre of the protractor, so that zero and 180° shall 
coincide with the east and west points and 90° or 270° 
with the north and south. When this has been accuratelv 
obtained, press the protractor tight down on the paper, 
which will make it fast by means of the two little pins 
underneath. 

We are now ready to protract. Take the field book and 
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read ofE, in the first place, all the angles of the circuit ; 
place these before you consecutively. Run the vernier of 
the index round to angle No. 1, making use of a pocket 
magnifier, if necessary, to lay off the vernier to the proper 
minute. It will be seen that the instrument is provided 
with rack and pinion, or tangent screw motion. Having 
got the correct an^e, draw in a line along the edge of the 
protracting bar. The vernier may now be set to angle 2 ; 
that is, the angle taken at station 2, just in the same 
manner as the above. 

In the next place, we may in the same manner protract 
the angles for 3, 4, 5, &c., to our last observation, and we 
may take up our protractor, after having ascertained that 
the work has been correctly done. Care should be taken 
to run a little circle over every line protracted, with 
2, 3, 4, 5, &c., marked in it to refer to the particidar 
angle which each line refers to. 

We may now take a straight edge, and draw in the 
line 1, 2, the first on the survey ; we then take the scale 
to which we intend to plot the survey, and set the zero at 
the point of intersection 1, and the edge along the line. 
We then prick off the length of the first line to station 
No. 2. 

We now take a pair of parallels and lay the edge at 

1, 3, and run the rule up to the end of line No. 1, as last 
plotted'; draw in a straight line along the edge of the 
ruler, through station 2 ; this will fix the direction of line 

2, 3. Set the zero of the scale at station 2, with the edge 
along the line last drawn, and prick off the length of the 
line 2, 3. We proceed in the same manner until we get to 
the end, which wiU complete our circuit. 

We have already made some remarks about the 
parallels and plotting in this manner when describing the 
protractors. 

The other way of proceeding is by means of the T- 
square. 

Let there be any straight-edged rule fixed, as at a b 
(fig. 49), or, if this is not necessary, let there be merely a 
straight line drawn there : either of these must be parallel 
to the line representing the magnetic north, and the line 
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representing east and west should be drawn in with the 

T-8q^are- 

Let us suppose that the line 1, 2, has been plotted ; we 
have now to run up the T-wj^^i*"^ towards station 2, in 
such manner that we may lay the lower part of the 
protractor against the edge of the f -square, whilst the 
centre of the instrument Ues directly over the station 2. 
The vernier of the protractor having been set to the angle 
2, 8, it is laid off ; the line 2, 3, is then run in with the 
straight edge, and plotted off with scale. 

We have now to protract the angle 3, 4. For this pur- 
pose we handle the X'^q^are just as we have above, and 
as it is shown in the figure, bringing the blade towards 
station 3, whilst the centre of the protractor, set to the 
proper angle, is laid over the station. In this manner we 
lay off the line 3, 4, and then plot in its length with the 
scale : it is needless to explain this any further, because 
the figure 49 abnost explains itself entirely. 

When the survey is very extensive, or when even an 
ordinary survey is plotted to a very large scale, we 
cannot trust to parallels, nor can we expect to find 
f-squares long enough for our purpose. In such cases 
we must plot as far as we can by either of the means just 
pointed out, and through the last station pricked off, we 
must lay down a new magnetic and east and west lines ; 
at this point we may again use the protractor for laying 
off another set of angles. To produce correct work, con- 
siderable care is necessary to make this second magnetic 
parallel to the first ; for if it is not exactly so, the pains 
taken with the theodolite in the field is so much labour 
lost. The best method, and the most simple, is that we 
shall describe in Traverse Surveying, in a future chapter. 



CHAPTER VIII. 

ENGINEERING SURVEYS WITH INSTRUMENTS. 

road and bailwat svrtbtino with in8tbu1lfsnt0 ; sbttimo out; 
theodolite; box sextant — ^exploiiation svryeys; canalb and 
irrigations ; hills amd watbrc0vr8bs — ^lbtellino bt inclination 
— tracmo lbybls in hillt countries. — wklls's apparatus for 
judging distance. 

We wiU now go rapidly through the description of a 
railway or road survey with instruments, because we have 
already referred to the subject of railway surveying with 
chain only. The exploration portion of the subject is con- 
sidered farther on in this chapter. 

The first thing to look out for on getting on to the 
ground, with map in hand, is the highest spot from which 
we can see in both directions, back and forwards if possible, 
and as near the line of works shown as may be convenient. 

The first spot we happened to select was A, fig. 50 ; not 
because it was exactly on the line, but because we had 
very high groimd close by, from which we could see in 
both the above mentioned directions. 

From here we determined to set out the line a b. For 
this we selected a tree in the distance, taking care to clear 
the comer of the wood on the left hand. The chain was 
cast out at once at a, and a man set it forward with poles 
and whites, and instructions. See page 7. 

Standing at our starting-point, and looking right on 
towards a, we commenced sketching-in some of the fences, 
whilst the chainman was laying out the first chain. 
Before we had laid out more than eight or ten chains, the 
man we had sent forward was waiting for instructions, at 
the fence beyond the first brook ; we knew that before we 
could reach the hollow we should lose sight of our forward 
object. 
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When, according to our directions, lie had set up the 
mark we wanted, he started for the brow between the 
two streams ; we considered that this brow, as we 
ascended from the hollow, would also hide our forward 
object. From here we started on for the corner of the 
fence beyond the second stream, because we knew that we 
should here have a repetition of what occurred at the first 
brook, &c., &c. 

Now we want two things to be particularly considered 
by the student. Before we started this man forward with 
the poles, we thought first as to what we should require 
him to do ; this was, that we should always have a forward 
object to sight upon, and that the chainmen should never 
be kept waiting. We explained this to our pole-man, 
and, from the high ground at a, showed him pretty nearly 
where we should require marks to be set up, malong him 
also understand that he must look out to see where, on 
the line, the forward object b would be lost sight of. 

It must also be observed that whilst we had point b to 
guide us, he might be guided in the same manner by a 
tall pole left at a ; by these precautions, and the line given 
by men who were chaining, we had always the means of 
keeping the line true, so long as we took care to do it before- 
hand, and before losing sight of everything, backwards 
and forwards ; where a fence only was in the way, we 
selected anything in it to guide us until we crossed. 

All this is extremely simple, but on its being carried 
out intelligently depends almost entirely the slow or rapid 
progress you may make in the course of the day. Every- 
thing should be so arranged that the chainmen should 
never have to stop for want of the means of going on with 
the line. * By adopting the method we have above described, 
it will be found that all these n\9.tters will be kept right. 

As the chain-work is- proceeding we of course have 
stations for side lines. For instance, we shall want to 
chain to ^, k, I, to pick up fences and brooks, &c. We 
always fix the directions of these by the box sextant ; 
that is to say, we take the angles which the chain lines 
will -make with the base. 

In many cases where there is not a great deal of work 
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on them, we sketch in the field book the angles which 
the side lines make with the base, noting the correct 
angle of course by the side of the line, and run it out at 
once in the same page of the book that the base line is 
fielded in. Where the work is intricate, we use another 
page as explained elsewhere under the heads of ' Chaining ' 
and ' Field Book/ 

We may now suppose we have reached the point b ; of 
course it is considered that we recollect enough of the 
country to remember the fence c c. 

It is not important, as regards fences, whether the 
chain line is half or even a whole chain one way or the 
other ; we took a tree in the distance on high land, out of 
our plan : we had poles set up down in the hollow road, 
and upon the next brow, and from b started for c. Before 
moving on, however, we took care to drive a peg at b, for 
theodolite purposes ; we did the same at c, when we set out 
the line doe. This we chained, and afterwards e f ; and 
then the long line f o, which was produced some distance 
beyond g. 

But up to the present time all these lines are lying 
loose ; they could not be plotted. When we considered 
we had done enough to give us a morning's work with 
the theodolite, we took the instrument out. 

The instrument was set up first at b, where we took the 
angles a b f and a b c. It was then taken to c to fix e d ; 
and to B, to take the angle d e f ; and lastly, to f, to take 
the angle e f b. This determined the position of r g. 
The remainder of the work was picked up by the running 
lines between the bases. The theodolite was then taken 
on to A, to set out h on a b produced, and afterwards to 
take the angle i h b. 

EXPLORATION SURVEYS. 

Previous to beginning an actual survey, in the sense in 
which this word is generally accepted, the country to be 
traversed should be visited, to the extent of being able to 
ascertain the number of routes that can be taken ; the 
value of these routes will depend on the minimum of cost for 
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lands and works, and the maximum of traffic that may be 
obtained ; so that the cheapest line may not after all be 
the best, unless we can see means of diverting the traffic 
on to it. 

Necessarily this involves an examination into the trade 
and importance of even small towns and villages : not only 
as regards their actual state, but the alterations to be pro- 
duced by railways, roads, canals, tramways, &c. ; there- 
fore, not only the actual state, but the capabilities of such 
places require to be looked into. 

Geological features are often of the greatest impor- 
tance ; mines of coal, iron, copper, lead, &c. ; quarries of 
limestone, slate, marble, or the situation where these 
may be found should be carefully examined ; all existing 
or possible manufactories ; the state of agriculture, and 
the alterations that may be brought about by the proposed 
works. 

All possible information should be obtained as to the 
existing cost of transport, the routes taken, and the means 
of locomotion. 

Great care should be observed in gaining all the know- 
ledge that may be acquired as to the different levels of 
brooks, streams, and rivers, more particularly the flood 
levels, ordinary and extraordinary ; because these will 
determine location of works, the heights to which they 
must be carried, and the position and capacity of 
reservoirs. 

With regard to rivers, it is very important to ascertain 
where, in times of unusual floods, branches of the river 
may break out ; if any of the sites of these are known 
amongst the inhabitants, they should be carefully traced. 

The question of materials for the works is an all-impor- 
tant one, and should obtain the surveyor's best considera- 
tion ; the existence of gravel, sand, clay, stone, and timber 
should all be very carefully inquired into, as also the 
labour to be obtained from far and near. 

In obtaining information upon all these points, he 
should, of course, investigate, as much as opportunities 
offer, for himself ; at the same time we strongly urge him 
to avail himself of all local information. He will find 
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opinions generally to vary to an important extent — often 
from interested motives, and often also because of the 
different views which men take of the subject. 

All these conflicting opinions should be noted, and care- 
fully investigated as opportunities offer. 

The most economical works are generally those which 
are made entirely at a high level or a low one, a simmiit 
or valley line ; we cannot, however, always obtain these 
entirely, and are often obliged to reconcile the two. This 
point is one that gives the greatest trouble in a recon- 
noitring survey. 

All summits to be crossed, the most favourable points 
where this may be effected, the materials to be cut 
through, the sites and nature of the inclines that may be 
adopteicl to reach them, the brooks or streams that may or 
must be crossed, or that may be contoured, are amongst 
the surveying points that must be examined, not minutely 
or fastidiously, but with sufficient observations to give a 
fair idea of different routes, and consequently sections, 
that may be adopted. 

It is no longer a question of cottages and the exact 
number of outbuildings, of fences and their bends, of 
footpaths and a few inches of difference in the level of 
the roads, or * standing orders,' in short. It is a broad 
and sensible examination of a country that is required, 
with just so much topographical information, and notes of 
observations, as may guide an engineer in determining 
upon one line in preference to half a dozen others. 

Hills to be passed, valleys to be crossed or contoured, 
bridges or possible aqueducts over streams or brooks ; the 
greater or less plentiful supply of water, particularly at 
summit levels for canals and irrigation works ; the state 
of springs, and often underground drains, which we have 
known to carry at times enormous quantities of water, 
unperceived, and therefore uncertainly accounted for: 
their existing appropriation, and how they may possibly 
be made use of. 

The general angle of inclination of hiUs and vaUeys, 
with the bearings of such lines, will often be f oimd of the 
greatest value. If there be no general map, it is such 
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a map that he will have first to construct ; a few bearings 
laid down so as to be able to pick up the general position 
and contours, or rivers and streams, roads, woods, villages, 
valleys, and summits, will often give him the very thing 
desired ; the great requirement in many such cases is 
about the same information as may be acquired from one 
of our best sheets of Ordnance map, and to look after 
details in such matters is often not only waste of time, but 
occasions the neglect of other matters, in other places,' 
which are far more important. 

In the matter of surveys for irrigations and canals, we 
often meet with large quantities of gravel or sand, which 
would be more desirable on railway works ; it is often of 
the greatest importance to ascertain whether these are 
water-bearing ; a cutting made through them, unless very 
expensively puddled, will often drain away all the water 
for nules. This may often be a desirable event, but some- 
times, however, it is the reverse, and with important con- 
sequences. 

For such works as the latter, canal, &c., attention 
should be given to the points where, by contouring, long 
levels may be obtained without incurring excessive ex- 
pense. The engineer will have to examine the ranges 
of high lands that are to be crossed, and whether adjacent 
ones can be connected, by long summit levels, which 
will diminish the difficulties in supplying the canal with 
water, as every junction of simmiits saves the water of 
two lockages. 

It supplies, besides, so many more points where the 
canal may be supplied with water from springs and 
rivulets above its level. 

A benefit arising from these long canal levels is often 
the bringing together of several locks, which enables them 
to be more effectually looked after, better worked, and 
more economically kept in repair; this often obviates 
great waste of water, and saves the expense of erecting 
lock-houses. 

When the declivity of the country runs transversely 
to the course of the canal or watercourse — ^which will 
generally be the case along the sides of hills, at an eleva- 
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tion above the irregular ground at their feet — ^in those 
situations, the great falls, or inclined planes, may be made 
at the fork of rivers, so that the upper levels may branch 
up the valleys, and increase the communication or distri- 
bution of water. 

The advantages of being able to conduct a canal, or 
aqueduct, upon watertight strata, instead of rocky and 
porous soils, without losing sight of other important con- 
siderations, is necessarily self-evident ; the examination 
therefore of the strata, more particularly where we expect 
to be in cutting, is of greater importance than even in 
railways. 

The summit level being traced, it will be time to look 
for the place where there should be a fall for two or more 
locks ; the level of this fall being marked, it is to be 
traced, until an opportunity occurs, for a couple more 
locks, or one, if it is unavoidable. 

The places of the different sets of locks, and the line 
between them being adjusted, the level is traced on, imtil 
an obstacle presents itself ; this may be a total change in 
the course of the valley the line was pursuing, so as to 
render it necessary to begin to mount another valley 
towards a new summit. 

It may happen, in tracing such an outline, in case of a 
change of the direction of the valley rendering it neces- 
sary to leave it, that some other valley may be at no great 
distance, into which the canal must be conveyed by a 
tunnel or deep cutting. 

Now, in order to render this more practicable, ^it may 
be necessary to retrace our steps, and deviate the back 
line to a new and much higher level, by leaving out one 
or more of the locks and so avoid a tunnel, or at any 
rate very much shorten it. Supposing we have now got 
into the new valley, the same course is to be repeated 
until another change in the main direction is necessitated, 
when we may have to ascend a new valley or plane to a 
new summit. 

To the new summit it will be requisite to proceed, and 
after settling the height of the summit level, and taking 
all the necessary steps for ascertaining the supply of 
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water, and other circumstances of this summit, the levels 
may be traced from this summit downwards, working 
backwards or up again, as often as obstacles may render it 
necessary, until the former work in the valley is met, and 
a proper junction of them contrived. 

For explore-surveys these levels are of course conducted 
with the utmost possible rapidity ; enough has been said 
to explain this ^dly, for it will be seen that in our first 
examinations, without any levels, we may have to go over 
nearly the same ground several times. 

Watercourses, and all traces of them, pursued to their 
summits, where they originate, or point out the first de- 
pressions of the valley to which the stream is making its 
way, are generally our best guides in finding the lowest 
passes in mountainous and hilly districts. 

Hills very frequently run in chains, or ' backbones,' as 
they are often termed. We also meet them in groups, or 
isolated, when they certainly give us less trouble, because 
we can generally run away from them more or less, and 
get round ; we say generally, because where the groups 
are frequent and close, and we have to make our way 
amongst them, it often leads to heavy works in getting 
from one to the other, unless the levels are closely studied, 
and the highest parts of valleys, accessible by curves, are 
carefully sought after. 

In hills and mountains, which occur in chains, we have 
often to face them, and seek out their weak points. It is 
in volcanic countries this usually gives us the most 
trouble, because the high ground starts suddenly and 
abruptly out of the plains. 

It is in such circumstances, and particularly in countries 
covered with thick wood and jungle, that we find the 
value of tracing watercourses, on either side of the range ; 
they will give us those points where the lowest levels 
occur, along the flanks of the chain, and between the pro- 
jecting spurs. 

In seeking the lowest level, the descending water has 
adopted the line of greatest slope. In tracing this lowest 
level upwards, we may find that, as an actual stream, it 
has disappeared, particularly in hot weather — we may 
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even get beyond the range of the dried-up water-channel ; 
but we may come to some swampy or soft places here and 
there, where we may notice a change in the vegetation, 
and we may often follow up, even to the original source 
in some woHoded flank, by traces of moisture, which may 
be more particularly evidenced by the more rank vegeta- 
tion of the undergrowth. 

We may also observe that, supposing for instance we 
have determined on crossing a stream at a given point, 
and that we are aware a parallel stream occurs farther 
along the chain of hills, we know that we shall, more or 
less, have to contour back on the spur, in order to get 
across the ridge intervening between the streams. 

We also know that if we are endeavouring to cross the 
summit of the chain at some point, either by a tunnel or 
cutting, we must cross the next stream at a higher level 
than the first, so that any trial levels traced up such 
strcEuns are valuable guides. 

It is generally at a bend in the stream, or a little above 
the junction of branches, if these occur^ that we shall find 
the best pass. 

When in a hilly country, or in an irregular and broken 
valley, it is usually by pursuing the track of the most im- 
portant brook, or that branch of it which has the longest 
course, that we shall find out the lowest pass. 

If along the opposite flanks of a chain of hills we can 
trace towards the summits signs of watercourses, we shall 
find passes ; and, generally, if we can trace several of 
these, we shall find that the most important will point out 
the lowest of these passes, because it is fed by a greater 
area of watershed, or because of some very sudden de- 
pression. 

Such indications as the above, and the tracks taken by 
the native traffic, carried by camels or mules, are generally 
the safest guides for our first explorations. 

It is to such points as these that the first levelling 
operations should be conducted ; nor is it absolutely neces- 
sary, in taking such trial levels, that we should ascertain 
everything by means of the levelling-staff. We may 
often take a sight to some distance across a small valley. 



L 



146 LEYELIING BY A17GLES. 

selecting some distant object on the other side, such as a 
large tree^ or lump of rocK. The depth of an intervening 
space may frequently be arrived at, by seeing where the 
Ime of sight intersects any tall tree, if there be any, and, 
on our road afterwards, measuring its height by means of 
a tape. * 

To be particular about a few feet, in matters of explor- 
ing the levels of a district, very often leads to a wretched 
waste of time ; the engineering surveyor may often have 
to go over a great extent of country, in a very short space 
of time, and without any other assistance than that of a 
gang of native labourers. If he selects a line at haphazard, 
and regularly levels over it in the orthodox manner, he 
may afterwards have to regret that he has found a very 
bad line. If, on the contraiy, the weak points of a chain 
of hills are first of all found out, and approximate levels 
obtained, he will be in a very much better position to trace 
a favourable line of section* 

It is only when we happen to find a long, flat, and 
unbroken slope, along a chain of hills, that we can safely 
venture to creep up obliquely at once. Where the 
general line of slope is broken by numerous spurs, pro- 
jecting more or less into the plains, it requires some 
{)reliminary rough study of comparatively highest and 
owest points. 

In such districts the high grounds rise and fall suddenly 
from some 50 to 150 feet, and it is of importance to know 
the intermediate levels and gain some information about 
the natural slopes of the hills and the intervening valleys. 

Even when a line has been roughly selected by means of 
natural traces of levels, such as watercourses, or existing 
lines of traffic, it is almost always necessary to obtain 
some levels, four or five hundred yards or more on each 
side. 

Kunning trial lines with the level, under such circum- 
stances, or taking numerous cross-sections with the same 
instrument, is simply endless work, if anything effectual 
is to be done. 

If, on the other hand, we adopt the means of getting at 
levels by means of angles of inclinations^ and making use 



TRACING LEVELS IN HILLY COUNTfilES. 147 

of tables for reducing to verticals and horizontals,* we 
may get over an enormous space of country ; very often 
without moving from one line, but by observing right and 
left, with a staflFholder on either side, to whom instruc- 
tions have been previously given, as to the spots they are 
to go to, we take a number of angles of elevation and 
depression ; we have only to book these and get the 
distances chained, to obtain all we require in the field ; 
and we may here observe that a micrometer in the tele- 
scope of the theodolite will save the trouble of chaining. 

We are fully aware that this may not give perfect 
accuracy in measuring, though we know that on many 
occasions it is better than rough chaining. But even 
supposing the chaining is wrong to the extent of two feet 
in every 100-feet chain, the error will not extend to two 
feet difference of level in a length of five hundred feet. 

The following account of some operations in Indian 
engineering will point out that we are by no means 
singular in advocating this plan of proceeding for rough 
levels of approximations : — 

The labour of tracing a mountain road through thick 
jungle, and over really rough broken ground, is greater 
than that expended in the actual laying out of the sheer 
descent of the ghaut itself; but it requires not a little 
scientific experience to pitch upon a general line for the 
latter, that will give scope for running a trace at a fixed 
gradient of 1 in 20, without having recourse to the clumsy 
expedient of zigzags. Either a deep ravine or valley 
should be sought, up whose flank the road may be carried ; 
or a long spur or series of spurs, round and about which it 
may wind, should be chosen ; and where such formation 
can be found, a combination of both features is best. 
Much deliberation and care have to be exercised at the 
outset, in judging by the eye of the practicability of the 
site chosen for the descent. 

The jungle is so close in North Canara, that a trial 
trace cannot well be run without great loss of time and 
useless expenditure of labour ; all which is saved by having 

* For a set of Tables for this purpose, see the "Engineer's Field 
Book." Fourth Edition (1880). Crosby Lockwood and Co. 
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the ground reconnoitred by an experienced engineer, who, 
with the help of the aneroid barometer, can pretty ac- 
curately settle the question. 

The nead of the ghaut is usually a fixed point ; and if it 
is not left open to doubt that it must be adopted in any 
case, the tracer may commence his line, woi^ing down- 
wards, wherever his levelling-staff carries him, recoUect- 
ing he must ease off his slope a little when turning comers, 
and must cross all streams at a dead level. 

Once he has started, it is impossible to lay down fixed 
rules for his guidance, and there is frequently an ample 
field for the display of ingenuity and talent before he 
reaches the level ground beneath ; in truth, to pilot his 
instrument through the Ganara forest calls for the in- 
voluntary application of not a few principles of inductive 
philosophy. 

For such work in such a country, it may be imagined 
the common spirit-level is eminently unsuited. Weighty 
to carry, and cumbrous to set up in position, where the 
operator can barely find room to stand, and where a clear 
prospect of even a dozen yards in front of him is not to be 
obtained without felling the scrub which hinders advance 
and obstructs the views, its use has been wisely discarded 
in Malabar and Canara. 

The instrument employed is what is known as the 
Gunner's quadrant or level for setting mortars at their 
proper angle, modified a little. The long bar is fitted 
with sights at either end, and has a universal joint 
screwed on at its centre. 

The quadrant is reversed from the position it occupies 
in the mortar quadrant, having the arc turned inwards 
and the radius outwards towards the tracer. An arma- 
ture, bearing a small spirit-level at its side and a vernier 
to read minutes at one end, works on the arc, which, to 
enable the level to be used for tracing either up or down 
hill without reversion, has an excess arc of some 60° on the 
upper side of its zero point. Seeing that an angle of 3° 
corresponds to a slope of 1 in 20, an arc of 90° is con- 
siderably in excess of the angular accommodation neces- 
sary in tracing roads ; and Messrs. Elliott Brothers might 
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with advantage curtail this overbalancinfi^ appendage; 
they might also put the spirit-leyel in permanent 
adjustment. 

The tracing quadrant is fixed to a light stick, shod with 
iron, of a length sufficient to bring the pin-hole of the 
sight within easy distance of the eye. The stick should 
not terminate in a point, or the levels will be vitiated.. 
Its base ought to be about one inch and a half in diameter. 

The forward staff is rather longer than the foregoing, 
but has a fixed vane, painted white, whose centre is 
exactly the same height from the ground as the pin-hole 
of the quadrant sight. The centre is denoted by a dot in 
the middle of a black horizontal line. 

Furnished with this simple instrumental equipment, and 
accompanied by an intelligent man to hold the staff, a 
ffoodly lot of pegs, and half a dozen active men with 
billhooks, the tracer begins his toils. 

Having set his arc, the staffholder is sent on 50 feet or 
so, along a path rapidly cleared by the woodsmen afore- 
said, and moved by hand-waving till the crosshairs and 
vane-spot coincide, he using one eye to catch the vane and 
the other to observe the bubble simultaneously. Thus 
peg after peg is driven, and the trace proceeds with a 
rapidity proportional to the clearness of the ground and 
the necessity for preliminary examination. 

It is a great advantage to have the pegs as close to one 
another as possible ; for the more there are, the less risk is 
there of the true slope being lost when the excavation 
commences : a beginner is apt to put in too few rather than 
too many. 

A party of fifty labourers follow on the heels of the tracer 
to open out a bridle-path a yard wide. 

The pegs thus laid down are on the centre line of the 
future road, and when opening the gauge path the 
labourers are careful to stretch a strong line from peg 
to peg, by means of which the gradient is rigidly worked 
to. Before excavating, an upper row of temporary pegs, 
three feet higher up the hillside than the centre pegs, is 
inserted to denote the edge of the cutting in a like manner 
with the aid of string. If all these precautions are 
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attended to, an even path upwards of a yard wide is 
speedily formed, and the slopes are preserved for ever. 

If nothing further is done to it, this path itself is often 
an accommodation to both men and animals, while it 
enables the engineer to see his way much more clearly 
than if he had to grope through the jungle without so safe 
a guide. 

Any improvement in direction which suggests itself is 
staked out after a thorough examination of the trace, and it 
is not seldom that the adoption of a deviation here and 
there is advisable. A road, it has been mentioned before, 
through the hilly district of Canara, is more troublesome 
to trace than the incline of a ghaut. This is due to the 
di6Sculty of determining by the eye alone how particular 
features had best be dealt with, and it requires a great 
deal of care and practice to escape committing mistakes in 
choice of gradients, and thereby losing both time and 
temper from being obliged to do work twice over. As a 
general rule, the saddles over which the road must go are 
first inspected ; and it often happens that a small depth of 
cutting at the top will enable them to be crossed without 
exceeding the limit of 1 in 20 ; then the most suitable sites 
for bridges are roughly fixed, and after these observations 
are taken, the bridle-path is levelled in to the best of the 
tracer's ability and judgment. On moderately flat ground, 
when it is certain all the slopes are within 1 in 20, the 
instrument need not be used, but the line is ranged as 
straight as possible, the ground to a sufficient width on 
either side is cleared, and the side ditches are staked out 
and excavated at once, enclosing the full width of the road 
between them. It has been customary in Canara to 
widen the 3-feet trace to the width of 12 feet the first 
season, as doing so permits pack-bullocks or even a single 
cart to pass along. The surface of the road inclines out- 
wards slightly to let the water run off, and no drain is 
allowed to be put on the inner side. There is, however, a 
cheek or intercepting channel, 18 inches broad and deep, 
cut some 30 feet above the road, discharging across it at 
convenient spots. 

The reader cannot fail to perceive that, under such 
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circumstances as those just described^ an enormous amount 
of labour is required, merely to clear the track for the 
observer. Consequently the progress must evidently be 
slow ; the state of the ground to be gone over leaves, how- 
ever, no alternative, because the works have to be set out, 
approximately, step by step. 

This is not always the case, and very often, indeed, all 
that we require in surveying through such coimtries is 
the length from point to point where a line of survey 
bends. Very frequently this cutting of tracks may be 
avoided in hilly or undulating ground by having recourse 
to a little fieldwork trigonometry, where we meet with 
some slight clearing on high grounds. 

Great loss of time, to say nothing of waste of labour, 
in cutting tracks, which consumes a wonderful amount of 
hard work, might be saved by adopting the application of 
some of the problems which we have pointed out in a 
former chapter ; not only would there be a saving in both 
of the above respects, but more accurate results would 
be obtained ; for it is needless to observe that chaining 
under the conditions above described is never particularly 
accurate, tmless we are actually setting out work. 

As observed above, nothing but length from point to 
point is required ; we have no offsetting, no fencing, no 
division of property ; the land is mere waste ; a stream 
in a hollow is all we may expect to find. Very often 
indeed, we admit not always, the measurement of a short 
line, with one or two instrumental observations, and one 
or two short calculations, would in one hour give aU we 
require. 

By the ordinary way of proceeding, that is, chaining 
chain by chain, the work occupies at least a whole day of 
trying work to the surveyor, and very distressing labour 
to his men, utterly without necessity. 

It is only after experience, under such conditions, that 
the engineering surveyor becomes really and practically 
acquainted with what we have just described ; only a very 
faint notion can be given by description; we would, 
however, advise the reader to think over our suggestions. 
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WELLS's APPARATUS FOR JUDGING DISTANCE. 

This new diaphragm, made by Elliott Brothers, can be 
attached to any existing levelling telescope, or supplied 
with a new telescope. The advantages of this instrument 
may be briefly described as follows : — 

1st. A line of levels can be run over a country tcithout 
any chaining, the distances between the level heights being 
read off the staff at the same time the level heights are 
read. On level ground the difference between actual 
chaining and reading the distance by the above method 
is only three inches in 100 feet, and over rough ground 
the reading distance method is more accurate than 
chaining. 

2nd. If a river or other obstacle preventing chainage 
is met with on the survey line, the distance across the 
river can be read up to a distance of 3,200 feet or more, 
according to the strength of the telescope, far more 
quickly and also as accurately as the distance could be 
found by any method except a theodolite. 

3rd. In very accurate levels, where chain measurement 
is still used, a check by this simple contrivance is kept on 
the chainman by the sui'veyor without leaving his level- 
ling instrument. 

Instructions for the use of same. — Ist. In ordinary 
levelling operations, where it is required to read the dis- 
tances according to the method adopted by Wells, pro- 
ceed as follows : — Measure 100 feet accurately on level 
ground, set up the level so that the object glass of the 
telescope is over one end of the measured 100 feet, and 
the staff is to be placed at the other end. Focus the 
telescope accurately, and move the needle point in the 
diaphragm by the screw head until exactly one foot of 
the staff image is enclosed between the needle pk)int and 
any horizontal line in the diaphragm The datum * dis- 
tance reading ' is then obtained, and the level survey can 
be proceeded with. The portion of the staff image in 
feet and decimals enclosed within the said datum space, 
will give its distance in feet. If greater accuracy is 
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required, make the datum reading at 100 feet =2 feet of 
the staff image. 

2nd. In measuring the breadth of an obstacle, such as 
a river on the survey line, the distance of which is beyond 
the range of the telescope to read the figures on the staff, 
screw two laths of wood, 2 feet long and 1 inch broad, to 
the back of the staff, so that the space between them is 
exactly 10 feet, or any other convenient known distance, 
and paint them black. Send this staff to the other side 
of the river, and focus the telescope on it, enclosing the 
10 feet of the staff (enclosed between the black laths) 
within the end of the needle point and the horizontal line 
by turning the mill-headed screw outside the diaphragm. 

The breadth of the river up to three-quarters of a mile 
or more, according to the power of the telescope, can then 
be read according to "Wells's method, with considerable 
"accuracy and very quickly. 

3rd. The distance of any object of unknown size can 
be found by Wells's method, and the divisions on the 
mill-headed screw make the scale required to give the 
distance. 



CHAPTEE IX. 

TRAVERSE SURVEYING. 

DEPINITION OF TBAYER8E BURYEYINO — ACCURACY OP THE SYSTEM — 
EXAMPLES OF A TRAYEBSE, AND OF PLOTTING BY TABLES. 

Traverse surveying is a term applied where we adopt 
such a system as that shown at fig. 49. 

When the angles and sides of any polygon, or many- 
sided figure, are measured in this manner it is called a 
traverse ; it is a system of surveying, which is in distinc-' 
tion, and we might almost say in opposition, to surveying 
by a system of triangles, into which the area to be sur- 
veyed is then cut up. 

Strictly speaking, however, a traverse survey should 
be plotted by Traverse Tables, which are nothing more 
or less than multiples of the natural sines and cosines. 

If we take the figure shown at 49, or any other what- 
ever in any way alike, and draw verticals and horizontals, 
through the points 1, 2, 3, 4, 5, &c., we shall describe so 
many sines and cosines to each of the angles made by 
the chain-lines with the magnetic and with the east and 
west ; the sines will be, as it were, portions of the mag- 
netic north and south line passing through the station, 
and the cosines will be those portions of the east and west 
lines intercepted between the station and the line or 
vertical dropped from the next station. 

These lines are called northings and southings and east- 
ings and westings, the former being the sines and the 
latter the cosines. 

In any figure whatever, regular or irregular, as a b c d 
in fig. 51, OT A, h, k, I, m, c, e, f^ &c., the southings are 
equal to the northings, and the eastings are equal to 
the westings ; that is to say, that in going round it, we 
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go as far north as we do south, and as far east as we do 
west ; the circle of the circle, or of the square, as well 
as of the above very irregular polygon, are sufficient to 
prove this. 

In fig. 52, let A B CE be a portion of a regular octagon, 
which we propose to traverse. 

Let A N be the magnetic north ; zero, on the horizontal 
limb of the theodolite, is made to coincide exactly with the 
needle ; in the next place the angle m a b is taken, which 
wrn be 22° SCr ; 90° minus 22° 30', equal to 67° 30', equal 
to the angle b a f, to which b f is the sine or departure, 
and A F the cosine or latitude. 

Now in the regular octagon, each of the angles at the 
circumference, that is the angles a, b, c, &c., is equal to 
135°; the intersecting angles at b equal to 360°, are 
made up of a b d equal to 180% plus a b c equal to 135°, 
and DBG, which will be equal to 45°. It will be the 
same thins; of course at c, and e, &c., as in the regular 
octagon all the angles at the circumference are equal to 
each other. 

We will now return to the theodolite, which we have 
left all clamped, and reading 22° 30'; the length ab 
being measured, the instrument is to be removed to station 
B, and there set up and levelled. The instrument being 
correctly placed at b, we now bring the reading 22° 30', 
or rather the opposite reading on the limb, to bear 
exactly on point a, where a pole is supposed to be held 
up, care however being taken that the intersection of 
the crosshairs shall be exactly on the foot of the pole, 
whilst the vernier, as last fixed on the limb, remains 
undisturbed. We have already explained how this is 
eflFected. 

We now bring the instrument to bear on c ; the read- 
ing will be 247° 30'. The length b c being measured, the 
instrument is removed to c, where it is to be set up. The 
reading on the limb here, after the vernier plate has been 
turned from b round to b, will be 112° 30'. 

Let it now be observed that the reading at b was 
247° 30' ; this deducted from 270° leaves 22° 30', for the 
angle cbl, of which cl is the sine or departure in the 
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tables,* and b l the cosine, or the latitude ; the reading 
at G was 112^ SW ; deducting this from 180^ leaves 
67° 30', of which l b is the sine or departure, and l c the 
cosine or latitude. 

As a general rule, when the reading is less than 90% 
subtract the reading on the theodolite from 90°, which 
will leave the angle required. When the reading on the 
instrument exceeds 90°, and less than 180% subtract the 
reading from 180°, which will give the angle required ; 
when exceeding 180°, and less than 270°, subtract the 
reading from 270° ; and in like manner, when the reading 
is above 270° and under 360°, subtract from 360°, and the 
remainder will give the angle required. 

In the practice of traverse surveying we always make 
the reading 5', 10', or 15', &c., according to convenience, 
by moving the poles, or making our marks on walls, &c., 
a little to the right or left; this will be found a sreat 
practical advantage, inasmuch as it does away witn all 
fractions of minutes, and increases the clearness of read- 
ing — a matter of the greatest importance in traverse sur- 
vejring, for the special purposes we are now considering. 
It is to be observed that in the usual practice of traverse 
surveying, we measure the sides and angles round any 
polygonal figure, regular or irregular, and that in doing so 
we go as far north as we do south, and as far east as we do 
west, and that, consequently, the * southings ' are equal 
to the ' northings,' and that the ' eastings ' are equal to 
the * westings.' 

Now the differences of latitudes, or the northings and 
southings of any line, are the distances that the ends of 
lines measured round any polygon are north or south of 
the other ends. 

The ' eastings ' or * westings,' or departures of any lines, 
are the perpendicular distances from one end of the lines 
to a meridian passing through the other end, the meridians 
being parallel lines supposed to pass through every station 
on a survey. 

In any polygon, regular or irregular, the sum of all the 

* See the Traverse Tables in the Author's ** Engineer's, Mining 
Surveyor's, and Contractor's Field Book.'-' Fourth Edition (1880). 
Crosby Lockwood and Co. 
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interior angles is equal to twice as many right angles as 
the figure has sides, less four right angles. As observed 
^bove, and as may be seen by referring to the figure 52, 
whether we consider the regxdar octagon or the circle in 
going round the polygon, we go as far north as south, and 
as far east as west ; therefore, when we reduce the north- 
ings and southings of all the lines from the Tables of 
Difference of Latitude, and similarly, when we reduce 
the eastings and westings of all the Imes from the Tables 
of Departures, we at once have proof of the accuracy of 
the work, since the northings will be equal to the 
southings and the eastings equal to the westings, if the 
chaining has been correctly done. 

In the same manner, we shall have proof of the angles 
having been correctly measured, because all the interior 
angles of the polygon will be equal to twice as many 
right angles as the figure has sides, less four right angles, 
or 360°, if the theodolite has been correctly used. There 
will, however, generally be some two or three minutes' 
difierence, even with the most careful work, unless some 
particular plan be adopted, such as that which has been 
mentioned above, of making the readings 6', 10', or 15', &c., 
by making our marks accordingly. In this description of 
work to which we have been more particularly referring, 
a difierence of two or three minutes might be of con- 
siderable importance; at least for a working survey 
among buildings we should object to it, and the more 
so that it may be avoided ; but in country surveying, 
or where looking for such minute accuracy would be loss 
of time, it is usual to divide the difference or error over 
• the whole work. 

As to the care necessary for town land surveys, we will 
only point out that the mistake of a foot may be of far 
greater importance than a foot error in a cutting or 
embankment on an ordinary section, for in this last case it 
would only involve some difference as to a greater or 
less quantity of earthwork ; but, serious as such a 
blunder would be, it would be trifling compared to the 
setting out works, so that any portion of them might fall 
a foot within instead of outside of a building. 
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The engineer who has had to set out works through 
ground thickly covered with buildings, knows all the 
importance of a correct plan for such purposes. 

It is very often by ground plans alone that the lines of 
working plans are determined— often, indeed, there are 
no other means of doing it ; and not only important and 
often very expensive working drawings are got out en- 
tirely according to surveys, and become valueless if these 
surveys or plans are incorrect, but very great difficulties 
arise otherwise. Some considerable length of curve, 
or straight line, may be laid down on a plan drawn to 
a large working scale, and properties may be purchased in 
portions only, and not consecutively along the line, 
because there may be some cause of delay ; indeed, this is 
a circumstance constantly arising. The works may thus 
be set out on the ground, and actually commenced, under 
the guidance of plans only ; but if the plans (we mean 
the ground-plans, and not the working drawings) are 
incorrect, then the lines will have been incorrectly set out 
on the ground, and very serious consequences may result. 
The lines may be thus laid out so as to intersect buildings 
which it was not contemplated to touch, and which we 
may not even have power to interfere with. When a 
mass of buildings intervenes between works commenced 
in two different places along a line, particularly if on a 
curve, it is often very difficult to check, satisfactorily, 
work set out from ground-plans only. This kind of 
operation is, of course, very diBFerent to setting-out work 
in the open country ; but even here, when we are setting- 
out heavy works (interfering with rivers, for instance), 
errors, arising from the ground-plans being wrong, may 
be very awkward to rectify, and may involve that which 
was never contemplated, to say nothing of all the trouble 
and anxiety which are sure to be incurred, more particu- 
larly by the unhappy surveyor himself. It is worth while 
to enquire whether all such mischances may not, generally, 
be avoided almost entirely. 

We believe that, very often, it is the ordinary system 
of plotting which is at fault. If the ground is well 
traversed, or triangulated with a good theodolite, and the 
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lines carefully chained, this part of the work must be 
satisfactory ; but we do not consider as equally satisfactory 
the means usually employed for laying down the direction 
of the lines on paper — ^Imes that may be from one foot to 
two or three feet in length, and perhaps ten or twelve feet 
apart on the plan ; we mean more particularly as regards 
the angles, and not the lengths of the lines, which merely 
depends upon carefully using a good scale. 

Unless when we set off angles by means of chords and 
beam compasses, the protraction of angles is done by 
means of the protractor, perfect enough within certain 
limits, as we may observe also of the large parallels used 
for carrying from station to station the lines laid down 
with the protractor. For all ordinary purposes this is 
satisfactory, though far more troublesome than a more 
simple way of doing the work; for important surveys, 
plotted to a large scale, for the construction of works, we 
are satisfied that better means, more simple, and much 
easier, may be adopted, and which, besides a little simple 
calculation, require nothing but a straight-edge and 
a good set square. With the exception of a few very 
short additions, the work is done entirely by tables; 
exactly the same amount of accuracy may be obtained as 
in the plotting the levels of a section ; every engineering 
surveyor will admit, that this is hardly to be obtained by 
the usual mode of plotting surveys. 

EXAMPLES OP A TRAVERSE, AND OP PLOTTING BY TABLES. 

The sketch of a plan, fig. 52a, shows a traverse run by 
the banks of a river : a, b, c, d, &c., are the angles by 
means of which the work is reduced and plotted, in com- 
bination with the length of the chain lines, which are 
shown by full straight lines, on which the length of 
chainage is entered. 

We have already explained how the notation of each of 
these angles is obtained from the field notes. At a, for 
instance, the reading of theodolite was 50°, which de- 
ducted from 90° gave 40° ; at b, by subtraction, we get 
80° ; and similarly, right through the figure, by deducting 
the theodolite reading from 90°, 180°, 270°, or 360°, we 
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get eacli of the angles a^ b^ c^ d, &c. This has been fully 
gone into under the head of ' Practical Examples of Sur- 
veying with the Theodolite/ as also in what we have 
already written in this chapter. 

Having booked all the angles and lengths in the follow- 
ing manner : — 





Length of Coarse 


Angles 


Feet 


A=40° 0' 


1,000 


B=80° 0' 


900 


c=35° 20' 


820 


0=25° 10' 


1,420 


8=70° 40' 


1,010 


p=43° 2^ 


1,140 


G=50» 60' 


2,030 


H=30° 0' 


820 


1=86° 45' 


1,745 



we may enter the Traverse Table already referred to, 
and from which we obtain all our data for plotting, with- 
out any further trouble than the moving of a decimal 
point to the right or left. 

"We have, first, the angle a equal to 40°, and a chainage 
of 1,000 feet. At p. 124*, we have Table of Latitudes, or 
Horizontal Distances for Differences of Level for 40° and 
upwards, up to 41% and for 10, 20, 30, &c. up to 100 feet ; 
at p. 125*, we have a similar Table of Departures, or 
Differences of Level. At present we have only to do with 
the Latitudes and Departures, as the Horizontal Dis- 
tances, &c., and the Differences of Level refer to 
plotting sections when the levels have been taken by 
angles of inclination. It will be seen presently, that in 
plotting a traverse by means of the tables, it is convenient 
to have the other application of such tables in view. 

We now proceed with the work : for 40°, and under 
column 100, p. 124*, we have 76*604 for the latitude 
due to 100 feet ; then if we remove the decimal point one 
figure to our right, we shall have 766*04 equals the 
latitude for 1,000 feet and 40°. This length of 766 

* The pages marked with an asterisk in the following paragraphs are 
those of &e Author's '* Engineer's, Mining Surveyor's, and Contractor's 
Field Book." Fourth Edition (1880). 
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feet is shown at a i on the plane of latitude at the base of 
the survey. 

We now want the departure, or vertical ; at p. 126*, 
corresponding to 40°, and under column '100 feet,' we 
have 64*280. Removing, in the same manner as above, 
the decimal point one figure to the right, we have 642*8 
(which we shall call 643), which will give i b ; and a line 
drawn from a to b will be exactly 1,000 feet long, ac- 
cording to scale, at an angle of 40° with the plane of 
latitude at the base of the traverse. The next angle 
is B, equal to 80°, the chainage being 900 feet ; at 
p. 63*, and commencing at the bottom of the page, we have 
for 80°, and for 90 feet, 15-628 for latitude, and removing 
the decimal point one figure to our right, we have it for 
900 feet, equal to 166-28 feet. SimUarly in the p. 62*, 
beginning again at the bottom of the page, for departure 
for 80° and 90 feet, we have 88-633, and therefore 
886 feet for 900 feet; 166 is shown at bJ, and 886 
at be. 

Our next angle is 36° 20', and the chainage is 820 feet. 
At pp. 114* and 115*, we have the latitudes and departures 
commencing from the top of the pages ; on the fifth line 
of the latitude page and under column 80, we have 
65-264 ; then by removing the decimal point one figure 
to the right as before, we get 652*64 for 800 feet, and for 
20 feet we have 16*316, and therefore 662-64 + 16*316= 
668*95, or 669 feet for cc ; at p. 115*, beginning from the 
top, we have for departures, 46*266 under column 80 feet, 
which will give 462*66 for 800 feet, and for 20 feet we 
get 11*567, which, added to the last quantity, gives 
474*227 feet for the departure cd. 

For angle d we have 25° 10' and for chainage we have 
1420 ; at p. 94* we have the latitudes, and at p. 95* we 
have the departures, beginning in each case from the top 
of the page. 

Feet 
For latitudes, we have for 100 feet, 90*507 = 906*07 for 1000 feet 
And for 40 feet, we have 36-203 feet . = 36203 „ 400 „ 
And for 20 feet, we have . . . 18-101 „ 20 „ 

1286-201 „ 1420 „ 

and therefore for J)d we have 1286 feet. 

M 
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At p. 95*1 beginning at top, we have for departures, 

Fc0t 
For 100 feet 42*525 . . . . = 42525 for 1000 feet 
And for 40 feet 17010 . . . = 17010 ,, 400 ,, 
And we haye 8*505 „ 20 „ 

«03'855 „ H20 „ 

Neglecting decimak, we thus have 604 feet for dR, 

For the next angle £ we have 70^ 4(K, and chainage 
1010 ; at p. 83*9 beginning from the bottom, we have for 
latitudes. 

Feet 
For 100 feet 33-106 . . . . = 331-06 for 1000 feet 
AndwebaTe 3*311 „ 10 ,, 

334*371 „ 1010 „ 

or 334 feet for e^. 

At p. 82*, beginning from the bottom, we haye for de- 
partures. 

Feet 
For 100 feet 94*361 . . . . = 943*61 for 1000 feet 
And we have 9*436 „ 10 „ 

953-046 „ 1010 „ 

or 963 for by. 

We have now angle f equal to 43° 20' and chainage 
1140 ; at p. 130*, beginning from the top, our angle being 
under 45% we have for latitudes. 

Feet 
For 100 feet 72-737 . . - . = 727*37 for 1000 feet 

And 72*73 „ 100 „ 

And 29095 „ 40 „ 

829*195 „ 1140 „ 

or 829 for vf. 

At p. 131* we find the departures, and we have 

Feet 

For 100 feet 68*624 . . . . == 686 24 for 1000 feet 

And 68*62 „ 100 „ 

And 27*45 „ 40 „ 

782*31 „luO „ 

or 782 feet for/o. 

For angle g we have 50° 15' and 2030 feet for chainage. 
The angle being above 45°, we shall have to begin from 
the bottom of the page. 
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At p. 123*, beginning thus at bottom, we have for lati- 
tudes, 

Feet 
For 20 feet 12-789 . . . . = 12789 for 2000 feet 
And 19-183 „ 30 „ 

1298-083 „ 2030 „ 

or 1298 for g^. 

At p. 122*, beginning at bottom, we have for departures 

Feet 
For 20 feet 16-377 .... =1637*7 for 2000 feet 
And 23-066 „ 30 „ 

1660-766 „ 2030 „ 

or 1561 for'^. 

For the angle h we have 30° and 820 feet for chainage, 
and at p. 104* we have the latitudes, and at p. 105* the de- 
partures, in both, working from the top ; for latitudes we 
have — 

Feet 
For 80 feet 69-282 . . . . = 692-82 for 800 feet 
And 17-32 „ 20 „ 

710-14 „ 820 „ 

or 710 for hA. 

In the same manner we get 410 for ki. 

For the angle i we have 85° 45', and for chainage 1745 
feet. 

At p. 63*, beginning from the bottom, we have for 
latitudes. 

Feet 
For 100 feet 7*411 . . . . = 7411 for 1000 feet 
For 70 feet 6188 . . . . = 61*88 „ 700 

And 2-964 „ 40 

And for 60 feet 3*760 . . . = 0.376 „ 6 

129-329 „ 1745 „ 

or 129 feet for i«. 

At p. 52*, beginning from the bottom, we have the de- 
partures. 

Feet 

For 100 feet 99-725 . . . . = 99726 for 1000 feet 

For 70 feet 69-807 . . . . = 69807 „ 700 „ 

And 30-89 „ 40 „ 

And for 60 feet 49-862 . . . = 4*98 „ 6 „ 

174019 „ 1746 „ 

or 1740 feet for i k, which terminates the work. 



if 
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It will be eyident that all tlie departures may be 
plotted from the plane of latitude in the same manner as 
we plot a section from a datum line, and similarly that 
were it more convenient the latitudes might all be plotted 
from the plane of the meridian. 

It will be seen that the departure in d is made up of 
643 + 886 + 474 = 2003, and that iv b = m d — 604 = 
1399, and that we shall have constantly plus and minus 
just as we have rise and fisdl in a section. 

Before commencing to plot an extensiye trayerse, we 
plot to a very small scale with a protractor ; this is very 
quickly done, and answers the purpose of a guide, it 
being well to remember that the departures are all sines 
of the angles and that the latitudes are all cosines. 

The observations we have made in previous pages, as 
to the northings being equal to the southings, and the 
eastings to the westings, as also that with regard to the 
interior angles of the polygon, apply only to those 
traverses wich consist of a complete circuit of any 
polygon. 



CHAPTEE X. 

HARBOUB AND COAST SURVEYING. 

0B8BBYATZ0NS OFF BHOKB — 8BTTINO OUT BASES — TAKING SOUNDINGS — 
TIDAL CUaRBNTS — RBDUCINO SOUNDINGS — TIDAL OBSB&YATIONS — TB8T- 
INO HOLDING GBOUND. 

The following are amongst the requirements of a good 
harbour :— -Easy access and facilities for working in or 
ouL Shelter and security for vessels to ride at anchor, 
and without danger of their being driven one against the 
other ; as large an area of deep water as can be obtained 
at the minimum cost ; a good beaching ground for dis- 
abled vessels ; good holding ground, which requires 
sufiicient tenacity in the soil at the bottom of the harbour 
to bring up a vessel entering the harbour when the wind 
is blowing hard. 

In our survey, therefore, we require a plan of the 
coast, information as to prevailing winds, as to the depths 
of water all over the proposed site of the works, the 
nature of the ground, and the set of currents and tides, 
and the rise and fall of the latter at spring and neap 
tides ; we also have to show the areas of water at various 
depths. 

We must also examine the nature of the materials on 
the ground, as, for instance, stone in the cliffs, its quali- 
ties ; how much bearing there is, that is, how much earth 
there is to be taken off before we can get at it, as this is 
often an important element of cost ; we must obtain in- 
formation as to materials in the neighbourhood. 

As regards stone, we must examine whether it is sand- 
stone, limestone, basalt, granite, &c. ; how it blasts and 
quarries ; how it bears the action of the sea ; whether it 
is laminated* We must look to the shingle and sand for 
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making concrete and b^ton blocks. We must ascertain 
what portions of the holding ground are good or bad, 
and what area we can have of the former, and how much 
of the latter may be improved by breaking-up or removing 
boulders, Ac. ; how much we have of clay, sand, or gravel 
bottom. 

One of our first operations will be, probably, to make 
a survey of the outline of the coast. This may be done in 
the manner we have explained as regards ordinary sur- 
veying; we should, however, keep in mind the impor- 
tance of our principal stations being points for observation 
out at sea ; unless indeed we have very lofty cliffs, and 
even then we must remember that the lines on the cliffs 
will require connecting with the lines on the foreshore. 

Many of these lines may be measured by observation 
and calculation, which on coast surveys of any extent 
saves an immense deal of laborious chaining. The im- 
portance of stations on the coast must not be underrated ; 
some slight error, apparently quite venal on the land, 
may occasion very grave errors when observations are 
taken on such stations at any distance out at sea. 

When our work lies by a large town, we should care- 
fully determine the position of such principal buildings 
as may be seen out at sea ; it is by no means always safe 
to trust to existing maps on such subjects. To check 
such a map, it is very simple to measure a short base on 
the highest convenient spot of ground, and take a few 
observations on the buildings from both ends of the base 
and from the centre of it; a few calculations, such as 
those we have already explained under the head of 
'Practical Trigonometry,' will soon settle the matter. 
When this is not convenient, it is a short affair to traverse 
from one building to the other. 

We now come to the matter of taking observations at 
sea : for this purpose we must have certain bases accu- 
rately measured, and by means of these and observations 
made with the sextant, or box sextant, we determine the 
position of any spot off the shore where an angle has been 
taken. 

Where the shore is at all flat, that is to say, where we 
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have not very high abrupt cliffs^ we may set out a base as 
A B, fig. 53. 

It is of the greatest importance that the position of a 
and B should be accurately determined on the plan, or 
the positions of 1, 2, 3, &c,, where observations are made 
off the shore, or some two or three miles out at sea, will 
be all wrong. 

This point settled, we may set off at a, a line at right 
angles to A b, that is A a, but in our figure a a is a very 
great deal too short. 

At A a we require poles to be set up, by means of which 
the man at the oars may keep himself on the line a, 1, 2, 
3, 4, &c. Now we shall require to see these poles a 
couple of mUes out at sea, perhaps more; we want some- 
thing substantial and plainly apparent a long way off. 
Fig. 53a is the top of a stout pole, about 15 feet high ; 
a, i, c, is a bent wire with a ring at either end, a and c ; 
to this a red and white flag is fastened ; however little 
wind there may be, it is almost always plainly visible. 
Sometimes, however, we may be going^in the eje of the 
wind, and then the flag will be barely discernible every 
now and theii. A piece of board, d, about 2^ feet long, 
may be nailed up to the pole, painted red and white ; or, 
if we are in a hurry about the matter, one-half may be 
rubbed over with chalk, and the other with black lead, 

Fig. 54 is another description of pole top, which ex- 
plains itself. 

At fig. 55 we give that which we prefer ; a, b, c, are 
three stout iron wires, jointed together at a, where they 
are fixed through a hole to a spike in the top of the 
pole ; to these are secured three red and white triangular 
flags made of bunting, each of which is tacked down at 
the bottom to the flag-pole. These we have always found 
visible in any weather, and at very great distances ; let 
it be remembered that the more apparent these flag-tops 
are, the more easily we get into line and take our ob- 
servations. 

We may now say a few words about buoys. Sir Edward 
Belcher recommends the following : — 

A cask of 32 gallons is furnished with double staves. 
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and of creater width at bung and opposite, as well as 
double beads. Holes are borod through the bung and 
opposite stares to admit of the passage of a spar 3^ inches 
diameter. This spar, preTiously well parcelled and 
tarred, is driyen firmly home, cleated to prerent its 
working out, and caulked round the cleating. Three 
feet project on the longer end, and none on the smaller ; 
the larger end is furnished with iron for a top-mast, 
which is 22 feet in length. Close to the cask, on the 
under side, a thimble is secured, through which the 
mooring cable passes, as well as one similar down at the 
lower end of the spar, to prevent chafe. Ballast equal to 
2 cwt. is attached at three fathoms below the cask ; thej 
are moored taut in the line of the stream, have full^sized 
bunting flags, and are found to stand bad weather well, 
and maintain an erect position in very strong currents 
and tides. 

Another description of buoy may be constructed, as at 
figs. 66 and 57 ; they may be made entirely out of a 
3-inch plank ; about 3 feet deep and 2 feet square at top ; 
as nothing but a saw, a hammer, and a few nails are re- 
quired to make them, they are very readily manufactured. 
On these we mount a flag-pole such as we have shown at 
fig. 55. 

We now return to fig. 53, and suppose flag-poles set 
up at B and a, as also a, which shall be plainly visible, 
and not mistaken for other objects. 

We may now consider ourselves in our boat, with a man, 
or two men if necessary, at the oars, and another for tak- 
ing soundings. We are provided with our box-sextant, 
our field-glasses, a note-book ruled in columns, and a couple 
of pencils, in case of one going overboard. 

The man at the oars keeps himself in line by means of 
the poles at a, a, and ceases rowing when we tell him ; he 
then brings himself exactly on the line, whilst with the 
sextant we take the angle a 1 b ; the other man takes the 
depth of water with a sounding line. Both observations are 
booked in their proper columns, and the hour in a third 
column. The boatman rows on about eleven strokes, 
when we take another sounding, but no sextant obser- 
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Tation ; two more soundings are taken in the same 
manner. 

The next time we take an angle a 2 b, sounding and 
time ; and so we proceed as far as we judge necessary. 

The following table explains the calculations which 
give the distances a 1, a 2, a 3, a 4, &c. : — 



No. of the 




Natonl 




Length of 




obfleryation 


Angle 


Cotangent 




baeeAB 
Feet 


Feet 


1 


6ono' 


0-67348 


X 


1000 


673-48 


2 


49,50 


0-86674 


X 


» 


866-74 


3 


40,10 


1-1847 


X 


» 


1184-7 


7 . 


20,16 


2-7106 


X 


}» 


2710-6 


9 


17,23 


3-1942 


X 


»» 


3194-3 



The last column gives the distances of the stations 1, 2, 
S, &c. (when instrumental observations have been taken) 
from the point a. 

Observe now the points b and b' ; on a preconcerted 
signal being given from the boat, an assistant removes 
the two poles from a and a,tob and b\ which have been 
previously set out, so that the length of base, b b, is also 
known. 

We now row towards shore, taking the observations, 
5 1 B, ( 2 B, & 3 B, &c., just the same as we did on the last 
line. 

Several similar lines may be set out from base b a, until 
the base becomes too short to be trustworthy. We obviate 
this by turning the sextant upside down, when a will 
become b, and b will become a, or may be made to answer 
the same purpose, which will do as well. 

Or we may set out the line a'b, and the lines A c, A n, e f, 
E G, in the same manner, but here we have no right angle. 

But the calculation is simple enough, being merely this, 
fig. 58 :— 

As the sine of c is to a b. 
So is the sine of A to b c. 

As long as the angle a remains constant, which is the 
case as long as we keep on one line of soundings, and a b 
remains the same, we have 

Sine of A X A B i x .i. i xi. • j 

— ^7^ equal to the lengths required. 
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H&TiDg once multiplied the aine of a by tlie sine a b, 
we have only to divide by the sine of each angle of obser- 
vation to obtain B c, which 
set off from b, with the 
beam compasses fixes the 
point c. 

It ie thus we obtain the 
points 1, 2, 3, in fig. 59 ; 
figs. 60 and 61 are given 
to show the difference be- 
tween the two modes of 
calculation, by cotangents 
in the one case and sines 
in the other. 

The manner in which 
the lines of soundings are 
completed, are shown as 
clearly as they can be ex- 
plained in figs. 53 and G2. 

The angles may be set 
ont by means of the station 
pointer shown herewith, 
bat we consider it much 
more troublesome ; it is 
used in the same manner 
as a protractor. 

The object iu taking the 
time when the soundings 
are taken, is to reduce them 
to low-water spriog tides, 
For this purpose there 
should he a tide gauge, 
which an assistant should 
bo kept observing. It is 
his business to note the 
rise and fall of the tide 
on this gauge, and to 
watch also the hours and 
minutes of the rise and fall. 
The depth of the soundings shoidd be taken with the 
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hand lead duun, snch as that made by Elliott Brothersu 
It is diyided into feet and short links. At the end of the 
chain is a leaden weight, about ten pounds ; it is of a lonff 
conical shape, with a hollow at the bottom which is filUnl 
with tallow, to which sand and small gravelly soil will 
stick. When the lead strikes against rock it will bo 
bruised by the blow. If it is allowed to drag, and strikers 
against rocks or boulders, we shall know it by the jerks 
given to the chain, and it will be found cut when puUoil 
up. Sextant observations should be made at spots where 
this occurs, as in such places the diver will be required to 
make particular observations. 

The lead must not, however, be allowed to drag too 
loosely, or it will be apt to get entangled among the rooks» 
and perhaps stick fast. 

At fig. 63 we illustrate how the diver's track is shown 
on the survey. 

We take sextant observations at each of the spots whoro 
circles are shown. 

The following notes made by Mr. Joseph Potts, Assoc. 
Inst. C.E.^ a friend and late pupil of the author, give a 
sound practical method of observing the set and velocity 
of tidal currents. 

In many engineering works, such as the improvement 
of harbours and tidal rivers, construction of docks, re- 
clamation of land from the sea, and the determination of 
the position of outfalls for sewers, the determining of the 
set and rate of the tidal current is of the greatest im- 
portance, as on this point, and the obvious deductions 
therefrom, will the success or failure of the projoot 
(whatever it may happen to be) to a very great extend 
depend. 

Proceeding, then, to the elucidation of our subject, we 
will first of all consider the float, the course or path of 
which is our principal concern. The float should be pos- 
sessed of the following properties. With the ffreatest 
available depth and hold of water, it should have the least 
possible projection above the surface, and at the same time 
be observable from the greatest distance. These slightly 
anomalous conditions are, to a certain extent, reconciled 
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in the one we have been aocnstomed to nae, which is 
repreaented in the woodcut on this page, imd may be 
deecribed as followB : — 

Three pieces of teakwood, a, b, and c, are &stened to- 
gether bjr eight pieces of L-^ped iron, which ia beet done 
by first riTeting four of the irons to the piece marked c, 
the other four to b ; then patting c and a on their places 
on A, and riveting the whole together in the form of a 
cross, 3 feet deep and 16 inches across either of the arms. 
A piece of rod iron, aboot f th inch diameter and 30 inches 
long, is then driven 5 or G inches into the centre ; at the 



top is fastened a small flag (half red, half white], about 10 
inches long, tapering from 3 to 1 inch deep at the point ; 
above this, again, is a piece of tin, shaped as in the illus- 
tration ; and, finally, a piece of sheet-lead, weighing about 
20 lbs., is fastened to the bottom. This, in smooth water, 
will just bring the top of the cross level with the surface ; 
and in a sea-way the top will generally be aa much below 
as above the aunace. The small superficies of the rod, tin, 
and flag offer hardly any obstruction to the wind, and by 
their means the float can readily be distinguished a thon- 
eand yards off, provided we have been careful to observe 
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the direction ; then, by watching for the ghmce of the tin 
in the rays of the son, we can easily find the float. 

With a float simiLir to the one jnst described, one of 
Captain Oeorge's, B.N., double sextants (with which the 
two angles, sabtended by any three objects^ may be taken 
with nearly the same fiicility as a single angle), and a 
station pointer, there would be nothing left to desire ; bat 
frequently, the instruments jnst named are not at hand, 
and in their places we haye merely a ship's compass and 
common sextant. Eren these, when they can be used to- 
gether, giye Tery reliable resolts^ as the sextant can be 
nsed as a check by taking the angle sabtended by the 
objects to which the magnetic beanngs are taken, then, 
by reducing the number of points between the bearings 
into degrees, it will at once be seen if the one agrees with 
the other ; for instance, if one object bears n and the other 
s w, as there are IV 15^ to each point — and we have four 
points between our two bearings — we will haye4x 
11° 15^=45^ If, then, the sextant reads 45% and if the 
position as obtained from these bearings be marked on the 
chart, it will be the correct one, proyided there has been 
no local attraction to interfere witik the compass. 

Generally, bowery it will be found that the motion of 
the boat, if there is any sea to speak of, causes such ex- 
cessiye vibration of the compass card, that any bearings 
taken by it would be perfectly useless. This, indeed, 
would in most cases become evident when trying to plot 
the bearings on the chart. To obviate the difficulties 
arising from using a small boat, we had on one occasion 
the use of a good-sized tugnsteamer, and finding, as we 
expected, that the tug was perfectly steady, were about 
to take several bearings when we were informed that the 
compass had not been adjusted for the attraction of the 
iron hull and machinery of the steamer, and was there- 
fore of no use whatever. On this account we had to 
depend entirely on single observations with the sextant ; 
but by only taking these from any two objects that hap- 
pened to be in line with ourselves to a third at a suitable 
angular distance, we found the results quite as accurate 
as if we had had smooth water, and been able to use the 



174 HARBOUR SURVEYING — ^TIDAL CURRENTS. 

compass. For example, in fig. 64, representing a portion 
of the island and harbour of Bombay, the thick black 
lines show the course of the float, the fine black lines the 
direction and line produced from the objects on which 
the andes were taken, and the dotted lines the an&rles 
made 4h them. The ;>oint8 from which the observations 
were taken are numbered from 1 to 8. Point No. 1 shows 
the boat at her anchorage previous to immersing the 
float ; and its position was nxed very accurately by ob- 
servations with a theodolite from two fixed points on 
shore ; after which, everything being in readiness, the 
float was put overboard, and the time by watch duly 
noted. The float was then observed to proceed in a 
nearly straight line for fiilly twenty minutes; and, as 
there was then some danger of losing sight of it, the 
anchor was lifted, and the boat pulled steadily in the 
direction the float had taken, keeping one to two hundred 
yards behind, till the float was observed to change its 
direction. The boat was then pulled as quickly as pos- 
sible up to the float, when it was seen that we were in a 
direct line with the Dolphin Beacon and Oyster Eock 
fortification. An angle was then taken between this 
imaginary line and the pilot's signal-pole, the time by 
watch being again noted. 

All these particulars being entered in the note-book 
(a copy of which will be found further on, at page 177), 
we were then able to fix point No. 2 on the chart by 
putting a. parallel ruler in line with the Dolphin Beacon 
and Oyster Eock, and making a temporary pencil line 
along its edge. The zero of a horn protractor was next 
fixed on the pencil line, and the angle shown on the sex- 
tant pricked off*, as also the centre of the protractor itself. 
The parallel ruler was now made to coincide with the 
angle just pricked off and the point showing the centre of 
the protractor, and then moved along till in contact with 
the pilot's signal-pole. A mark was then made at the 
intersection of this new line with the one first of all laid 
down. The intersection of these two lines was therefore 
marked as point No. 2, and a line drawn from point 
No. 1 to point No. 2 showed the direction and distance 



HAEBOUB SURVEYING ^TTDAL CURRENTS. 175 

traversed by the float. The difference between the times 
by watch in the note-book gave the exact time taken by 
the float to travel the distance between points 1 and 2, 
all these particulars being noticed in the note-book. And 
we may be pardoned for remarking that in practice the 
whole operation is very much easier and quicker gone 
through than it is for us to write, or for the reader to run 
over the description. 

The boat was again pulled after the floaty keeping, as 
before, one to two hundred yards behind ; by keeping this 
distance behind there is little chance of fouling the float, 
and if the boatmen are up to their work, one minute is 
ample time to get quite up to it when required. After 
proceeding in this manner for about 1 hr. 20 min., the 
float was observed suddenly to change its direction, on 
which the boat was at once pulled up to the spot, and 
just here we could not in the limited time at our disposal 
find two sufficiently well-known objects in line, but 
noticed that the Oyster Rock Fort was just its own 
breadth clear of the outer bastion of Fort St. George, or 
what sailors term Oyster Bock, open to the eastward of 
the outer bastion of Fort St, George. This being the 
best line we could get, an angle was taken between Oyster 
Bock and the point flag-staff, the time by watch being 
again taken. When this had been done, and just as the 
boat was moving from the spot, we noticed that the inner 
or western sides of the Dolphin Beacon and Cross Island 
battery were in line; we therefore noted this, because, 
feeling a little uncertain of point No, 3, we were able to 
check its position after plotting. To plot point No. 3, the 
parallel rule was laid on the chart so as to show one 
breadth of Oyster Bock clear to the eastward of Fort St. 
George. A line was then drawn along its edge. The 
zero of the horn protractor being, as before, adjusted to 
this new line, the angle shown on the sextant being 
pricked off, and the parallel ruler applied, fixed the posi- 
tion of point No. 3. The parallel ruler being next adjusted 
to the inner edges of the Dolphin Beacon and Cross 
Island battery, just intersected point No. 3, thereby 
proving the accuracy of the work. 
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Wlien the 6oat had reached point No. 4, it was seen 
that the comer of a sea-wall was exactly in line with the 
loftv flag-atafiF in the bastion of Fort St. George. The 
angle between this and the point flag-stafT was t^ea with 
the sextant, marked off with the horn protractor, the time 
by watch noted, and the position of point No. 4 fixed, as 
prerioualy described. At point 5, the pilot's signal-pole 
and the spire of the cathedral were observed to be in bne. 
An angle taken as before to the point flag-etaff fixed the 
position and the time by watch duly noted for the rate. 
At point 6, we had the lighthouse and the cathedral spire 
in bne ; as the point flag-ataffwas still at a suitable angu- 
lar distance, and indeed remained so throughout the trial, 
we took the angle as before, again noting the time by 
watch. At point 7 the Obserratory and lighthouse were 
in line, and on reference to plate 12, it will be observed 
that the distance between these two objects is, compara- 
tively speaking, very abort, but the nature or form of the 
objects themselves hindered any inaccuracy that might 
otherwise have arisen. The light- 
house being columnar and the 
Observatory having a domed roof, 
we had only to see that the one 
bisected the other. The accom- 
panying woodcut will give a bet- 
ter idea of the appearance, as seen 
from seaward, than any descrip- 
tion we could possibly write. The 
angle being observed and time 
noted, fixed point No. 7. At point 
No. 8, the signal-gun tower was 
seen to be in line with Oyster 
Kock, and the angle was mea- 
sured, as before, to the point flag- 
staff. It was now very near low water, and having fol- 
lowed the float much farther than we actually required, 
there being moreover a very heavy sea on, we concluded 
to make the best of our way back again ; this was not 
such an easy matter as might be imagined, the boat being 
nearly swamped on the way. This circumstance we only 
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mention to give an idea of the weather durine which the 
float trial was made. On reaching the shore, the direction 
of the wind by compass was noted, and found to be the 
same as on starting, and had been of nearly equal intensity 
through the whole trial. 

Float Trial, Tuesday , 18 . 

Direction of Wind before startiDg, WSW. 
„ „ on return, Sw. by WJW. 
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Oyster Bock and 
Dolphin Beacon 

Oyster Bock and 
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Fort St. George 
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and flagstaff on 
Fort St. George 
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and Cathedral spire 

Lighthouse and Ca- 
thedral spire 

Liffhthouse and 
Observatory 

Signal-gun tower 
and Oyster Bock 

up the Float and returned to the shore. 



Bemarks. 



To fix position 
of boat before 
start 

Float put over- 
board 



Oyster Bock one 
breadth E, and 
inner sides of 
Dolphin Beacon 
andCross Island 
battery in line 



(Lighthouse in 
tersects centre 
of dome 



When a number of float trials are taken^ it is usual to 
tabulate the results, giving, amongst other particulars, the 
force and direction of the wind, state of the tide at the 
times of the obserrations, &c. From the chart can be 
measured the distances between the yarious points 
traversed by the float in yards. From this, note the time 
taken by the float in travelling the distance, and by 
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simple calculation the velocity of the current in the spacer 
between the observations. All these particulars being 
thus entered enables one to see at a glance the results of 
observations that may have taken months to make and 
reduce. 

The arrows marked in the plate show the directions of 
the currents as taken from the Admiralty charts those 
with feathers denoting flood tides. With respect to the 
compass card, shown in the plate, it will be observed that 
each quadrant is divided by 31 lines into 32 divisions 
called quarter points, the value of each of which in degrees 
is 32 -f- 90° = 2° 48' 45", and the point being equal to 4 of 
these we have 2° 48' 45" x 4 = 11° 15', there being 8 points 
in the quadrant we have 11° 15' X 8 ^ 90°. The J points 
are shown by short lines, ^ points by lines a little longer, 
whole points longer still. In nautical phraseology, the 
divisions are thus described : — The first division to the 
west or left of north is termed n J w, the next n ^ w, the 
next N I w, and the full point n by w, then n by w ^ w, 
N by w i w, N by w I w, and nnw. Instead of continu- 
ing the reading from nnw, it now apparently begins from 
NW, although in reality the readings run consecutively 
thus : NW by N f N, nw by n i n, nw by n i n, nw by n ; 
then NW f N, NW J n, nw J n, nw ; then, nw J w, nw j 
w, NW f w, NW by w ; then, nw by w J w, nw by w ^ w ; 
Nw by w f w, and wnw ; then, w by n f n, w by n J n, 
w by N J N, and w by n ; then, w f n, w ^ n, w J n, and 
w. And so on right round, substituting of course e or s 
for w or N. We must now apologise for the numerous 
repetitions and simple details we have been induced to 
describe, with' the object of making this branch of survey- 
ing as simple as possible. 

From what we have already said about soundings, it 
will be readily seen that all soundings, at least in all tidal 
seas, must be reduced to a regular standard. To do this 
it will be necessary to watch the time of the rise and fall 
of the tides on a tide pole or gauge. This should be 
firmly fixed in the most sheltered spot to be obtained, 
with its zero at such a depth as to ensure its being below 
the low water at spring tides. When the pole has been 
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properly secured and fixed, set out a leyel in some safe 
place corresponding exactly with some :ftill division on 
the gauge, making a note of the division, or better still, 
if there is an opportunity, marking near the level set out 
the exact division on the tide pole to which the level 
refers. This is a necessary precaution in case the tide 
pole should be washed away, although it is of course very 
desirable to take all possible care to avoid not only its 
being washed away, but even its being in any way 
disturbed. 

An upright tube, open below and aboTe, may be placed 
in the water, reaching above the high water and below 
the low water mark, as observed above. In this tube 
there may be a float carrying an upright rod, or else 
having attached to it a string which passes upward over 
a pulley, and is stretched by a weight ; the part of the 
rod or of the string which is outside the tube must carry 
an index, which shall mark on a vertical scale the rise 
and fall of the float. By making the tube nearly close 
below, that is, with only one or two small openings, the 
motion of the waves will have less effect on the float, and 
the tidal rise and fall may be obtained with considerable 
accuracy. 

The time of high and low water, and the rise and fall 
of the tide, may be watched in calm weather with suffi- 
cient accuracy for some purposes, by observing the 
surface of the sea rising and falling on a vertical pole 
fixed in open water, but in general the waves will make it 
more than difficult to observe with anything like accuracy. 

The tide pole is of course divided into feet and inches, or 
better, we think, into feet and tenths, like the levelling 
staff ; of course the exact time of every observation must 
be tc^en by watch by some careful assistant stationed to 
keep account of rise and fall and time in a book systemati- 
cally ruled out for the purpose. 

With regard to the number of observations to be made, 
we always have them taken at every ten minutes, and we 
have generally found that the more numerous they are 
in the course of every hour, the more accurately the work 
is done. 
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It may happen to be difficult to determine the moment 
of the highest and lowest water^ either with or without 
the hollow tide pole, and not on account of the motion of 
the waveSy but because of the water stopping or hanging 
still near the time of highest and lowest tide, or rising 
and falling very irregularly ; much the same obserrations 
may be made as regards the whole rise and fall, more par- 
ticularly in exposed situations. 

If there is a considerable time during which the water 
neither rises nor falls, note the moment when it ceases to 
rise, and the moment when it begins to fall, and take 
the time half-way between these for the time of high water. 

Another method is the following : At certain intervals 
of time near the time of high water, for example, every 
ten minutes, or even every £ve minutes, let the height of 
high water be observed, say for half an hour, or an hour, 
and from the height so observed pick out the highest for 
the high water, and note the height and the time ; and 
in like manner for low water. 

It is not necessary to observe that the correct time for 
such observations is quite as important as the correct 
reading of the staff ; the assistant, therefore, to whom this 
work is confided must necessarily be watchAil, or he will 
be much worse than useless ; we have, however, found a 
steady old sailor able to do this work very satisfactorily 
when once the matter had been well explained. 

The following is perhaps a better mode than the last 
of dealing with observations thus made every five or ten 
minutes : Let a number of parallel lines, ardinates, be 
drawn at intervals corresponding to the intervals of ob- 
servations, and bounded by a line perpendicular to them 
on one side, the abscissa; and on these lines, the ordinates, 
let the observed heights of the surface be set off from the 
abscissa, and let a line be drawn through the extremities 
of the ordinates. This line, if it be tolerably regular, will 
give the time of high water, and if it be somewhat 
irregular, it can be smoothed into a curve, and then the 
time and height of high water read off; and in like 
manner for low water. The Brunei section paper is 
exactly the thing for this purpose. 
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Suppose, for instance, that we have the following obser- 
vations of the height of water, made every five minutes 
for an hour. 



Time . 



Heights 



h. in. 




ft.iXL 

6 



h. m. 
6 



10 



ft. in. 
6 6 



h. xn. 
15 



ft.i 
6 6 



in. ft. 



in 
6 9 



b. m. h. m. 
200 26 



h. m. 
30 



ft> in. ft. in. 
6 106 11 



ft. in 
7 



h. m. 
35 



h. m 
40 



ft. in 
6 11 



ft. in. 
6 11 



h.. m. 
45 



ft. in. 
6 9 



h. n. 
60 



h. n. li. m. 
66 60 



ft;, in. ft. in. ft. in. 
6 5,6 2.5 10 



The selection of the greatest height as 7 would give 
the time of high water as 30 minutes ; but the general 
run of the height would give high water two or three 
minutes later, as will appear by transferring the above 
figures to paper in the manner above described, and 
drawing a line through. 

It is a simple thing to draw these lines on the section 
paper ; the divisions on the horizontal line represent hours 
and minutes, and the divisions on the vertical line give 
feet and inches, or better, we think, tenths, with paper 
decimally divided. 

It is well to begin a series of tidal observations by ob- 
serving the height of the water, during the whole day and 
night, every half hour or every ten minutes, as we have 
had to do on two or three occasions. If the rise and fall 
be very irregular, and after stormy weather we have occa- 
sionally observed extraordinary irregularities, or if there 
are any features differing from the ordinary state of 
things, it will by this means become apparent. 

If, for instance, instead of there being two tides in a 
lunar day, there be one only, or four, both of which cases 
occur at several places, such peculiarities will be dis- 
covered by observations continued during the day and 
night. If there be a periodical rise and fall of the sea 
surface, not depending in any obvious way upon the 
moon, the periods of maximum and minimum should be 
carefully and exactly observed, in order to determine upon 
what the rise and fall do depend. 

If the tides are tolerably regular it will not be neces- 
sary to observe, except for every five or ten minutes near 
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the time of- high water or low water, say for one hour, so 
as to include the exact time near the middle of the hour. 

From these observations, by laying down the heights 
as ordinates and drawing curves, the height and time of 
high water and of low water will be deduced. 

It is desirable to compare the observations of the time 
of high water and low water with the time of the moon's 
transit while the observations are going on ; for if the 
tide follow this transit at very irregular intervals, the 
common modes of observation wiU probably be of no use, 
and the time and trouble employed in making them will 
be lost. 

We know of no observations on the subject of tidal 
registers more clear and simple than those of the late 
Professor Whewell. 

The time of high water at any place on the day of new 
or full moon is commonly called the establishment, because 
this generally gives the means of knowing the time of 
high water on any other day. But if the tides are very 
irregular this is not the case^ and then the establishment 
of the place is of no use, or rather there is no establish- 
ment proper- If the tides are regular, the establishment 
may be found from observations made on other days, as 
well as from those made on the day of new and full moon. 

To compare the time of high water with the time of 
the moon's transit, we must take the moon's transit from 
the Nautical Table,* and reckon how much the time of 
high water is after the time of the moon's transit, and 
put these down as the lunitidal intervals. It is not 
necessary for these purposes to calculate the time of the 
moon's transit at the place of observation by difference 
of days. It is sufficient to take the time of the moon's 
transit at Greenwich, and to add two minutes for every 
hour west longitude of the place ; for the moon moving 
away from the sun so that her distance therefrom is in- 
creased 48 minutes in time for every 24 hours, and there- 
fore the transit of the moon is later at every other place 
by 2 minutes for every hour. 

Suppose that we have obtained the observations of 

* Nautical Almanac. 
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high water contained in the following table, we add to 
them the other columns containing the moon's transit, 
and the lunitidal intervals calculated therefrom. The 
alternate transits are interpolated midway between the 
others, which are given by the table in the Nautical 
Almanac. The a.m. transit which happens at Oh. 32m. 
on the 14th day is given in that table as 12h. 32m. 
P.M. on the l3th, the hour of the table being reckoned 
from noon in the Nautical Almanac. 
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In this table we subtract 10 hours 33 minutes, the time 
of the interpolated moon's transit, from 13 hours 7 minutes, 
equal to 1 hour 7 minutes, the observed time of high water, 
and we get 2 hours 34 minutes, the lunitidal interval, &c. 

By putting the lunitidal intervals into a curve in the 
manner already explained, setting off the lunitidal in- 
terval belonging to each tide as an ordinate, we ascertain 
whether the lunitidal intervals follow a regular law, for 
the line drawn through the extremities of the ordinates 
will then give a tolerably regular curve. 

In the above table it may be seen that the term estab^ 
lishment is sometimes a rather loose one. The 13th is 
the day of full moon, for in the course of that day the 
moon is 12 hours from the sun. The time of high water 
on that day is a.m. 2h. 11m., and p.m. 2h. 29m., and 
either of these in the common sense of the term might be 
called the establishment. 
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AmonffBt the methods for testing the ground at the 
bottom 01 harbours, as regards the nature of the holding 

Sroundy or works for construction^ are the following : A 
iyer may drive a bar, pointed at the end, and some four 
or five feet long, into the ground, to satisfy himself as to 
its general character, that is, wheither it is sand, chalk, 
loam, or clay ; of course if it is rock the bar will not go 
in, and it will sometimes be found hard work to penetrate 
some kinds of clay, whilst in others the bars may be 
driven some two or three feet or more ; when the bars are 
drawn, the soil attached to them should be carefully ex- 
amined, and, if necessary, portions should be put aside in 
little bags, with notes attached as to where and by what 
means obtained. 

Where the bars are driven any depth into the ground, 
they sometimes can only be drawn by means of a Spanish 
windlass placed over the gunwale of a ship's launch, or 
a large boat. In doubtful or suspicious circumstances 
buoy ropes are sometimes left attached to the bar, so that 
persons sent afterwards to examine or confirm work done, 
may know where to find the situation of the bars. 

The following is a naval method of trying the holding 
ground in a harbour : A ship is anchored in six or seven 
fathoms at low water spring tides ; after veering out to 
the length of cable thought sufficient to hold in a gale of 
wind, perhaps a whole or a half cable, or even less, the 
ship is backed by the paddles ; when the cable indicates 
that the first power of the paddles is felt, the lead is 
dropped over the side, and watched to see if the anchor 
starts in consequence of the dragging power applied to 
the paddles. The experiments ought to be made at a 
time of slack and smooth water, if the conditions are 
considered as resembling those of a close harbour. 

The plungers, of which we herewith give illustrations, 
are also used for testing a harbour holding ground ; one 
is an iron bar about 1 inch or 1^ inch scantling, pointed 
at one end^ and with notches cut lightly into it ; it is 
armed with some sixty or seventy pounds of lead, to force 
it into the ground ; the piece of board at top is attached 
as a float, to make the plimger descend vertically ; it re- 
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quires a little practice to make it penetrate any depth, but 
it gives very good indications when fairly used, as the 
notches in the bar bring up some 
of the material penetrated. The 
other plunger represents a hollow 
cylinder attached to a bar similar 
to that last mentioned, armed 
with lead and with a float ; or it 
may be used without the latter, 
and may be let down into the 
water by means of lengthening 
bars screwed on to the iirst, in 
the same manner as boring rods. 
A little leather or vulcanised 
india-rubber valve, opening up- 
wards, should be secured to the 
top of the cylinder, which is, of 
course, open at the bottom, the 
edges of which may be tolerably 
sharp. This plunger is used for 
bringing up a plug from the 
bottom, when it is made to pene- 
trate. A more simple instrument 
as a plunger may be made by 
means of about a foot in length 
of tubing, about an inch in dia- 
meter, attached by copper wire 
to one side of a deep-sea lead, 
below which the end of the tube 
may project about six inches ; 
at the other end of the tube 
there should be a little valve, 
like that referred to in the 
former plunger. 

Where any of the above instruments are used, to any 
extent particularly, that is to say, where they are driven 
in two or three places close together, so as to show a fair 
sample of the bottom, observations should be carefully 
taken to determine the precise spot on the plan. 



CHAPTER XI. 

WATERWORKS SUPPLY. 

BAIN OAUOB — STREAM OAUOINa — FOBM OP NOTCHES IN 0TEKFALL8 — 
BULES FOR OAUOINO BT OTBBFALLB — BAINFALL — NOTB8 ON GATHEBINO 
OB0UND8 — ^YELOCITIES OF STBEAMS AND BITEB8. 

We have referred in former chapters to the subject of 
surveys for canals and irrigations. The annual surveys of 
a large gathering ground are made after the area and 
contours are ascertained; they are generally made to a 
very small scale. The geological formations, the state of 
cultivation, with the rivers and streams, are amongst the 
principal features we shall have to show on such a survey, 
besides the position of rain gauges. 

It is sometimes requisite to show some of the valleys 
running parallel to those within the area of watershed 
proper; this has to be done when, for instance, it is 
intended to drive a heading through an intermediate hill 
or ridge, as this may be the means of obtaining a large 
additional quantity of water. 

With regard to river surveys, some of the many obser- 
vations we have already made apply in the same manner. 
At fig. 65 we show a system of triangulation for a large 
river, and two large areas of ground liable to inundation 
at floods. After the angles have all been carefully taken 
with the theodolite, and the bases all chained, the remain- 
ing sides should be calculated, unless we choose to be satis- 
fied with the mere use of a protractor. On many of the 
lines shown, sections or soundings will have to be given. 

These operations are carried on in the same manner as 
that we have explained under the head of * Harbour Sur- 
veying ; ' and may be done on the lines of triangulation. 

The most important observations we shall have to make 
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as regards the area of watershed, are as to the geological 
formation; the state of cultivation, as arable, grass, or 
meadow lands ; those that are barren, woody, or consisting 
of peats ; lands from which the waters are appropriated 
by existing mills or manufactories. All these have gene- 
rally to be shown on the best maps we can obtain, after 
corrections have been made. In our own country the 
Ordnance maps are generally used. The areas as to all 
the above matters have to be computed. 

We shall also have to ascertain the rainfall. At home 
there is much less difficulty than there used to be on 
account of the very numerous meteorological observers we 
have now. We shall have to ascertain the discharge from 
rivers and streams, and the compensation to be made for 
withdrawing water from vested interests, such as mills 
and manufactories. 

The rainfall is measured by observations made with the 
rain gauge — a simple little instnmient with which almost 
every one is acquainted nowadays ; the use of it is not so 
much required at home as it used to be, because we have 
now many valuable rainfall tables ; a very excellent one, 
and very copious, will be found in Mr. Beadmore's 
Hydrology. 

Prevailing winds, proximity to the sea, altitude, expo- 
sure, or shelter, all influence the quantity of rainfall. All 
these matters require to be considered in fixing the posi- 
tion of rain gauges. 

It is very important that the area of the mouth of the 
rain gauge should be well defined ; in those most care- 
fully made the rim of the mouth is turned in a lathe : this 
rim should be strong, so as not to be liable to be deformed, 
and should project inwardly, so as to prevent the rain 
from splashing over. 

When a number of gauges have been established over a 
large area of ground, it often requires some activity to do 
justice to the subject; they require visiting often, par- 
ticularly after sudden rainfalls. 

Eain gauges should always be placed in open unsheltered 
situations, at different altitudes, on extensive areas, and 
always on the ground ; they require considerable watching. 
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A glass measure to ascertain the depth of rainfall, from 
the quantity of rain water found in the gauge when 
examined, is sold with the gauges ; this should be carried 
about in a case, like a telescope. 

The erection of notched boards, or overfalls, for measur- 
ing the discharge of streams, is often a very important 
matter. If not done well it had better not be done at all. 

We should first look for a favourable spot; this will 
generally be where there is a straight run of the stream 
between even banks, and where the bed is level ; if we can 
find a place just below a widening out of the banks, form- 
ing a kiud of basin, this will be exactly the place to be 
selected. The overfall should be built up out of two-inch 
planking, made perfectly water-tight, and if of any length, 
it should have a strong frame to prevent its bending. 

A rectangular notch should be cut in the board, of some 
very exact dimensions in feet, and this notch should not 
be so narrow in proportion to the stream as to ' wire-draw ' 
it, or cause a great increase of velocity in the approaching 
stream. 

The edges of the notch should be chamfered and made 
quite smooth, as also a plate of iron which should be care- 
fully inserted at the back ; every care should be taken to 
make all this as even as possible. If the iron plate is 
omitted, the edges of the notch soon become ragged and. 
uneven. 

The depth of the planking should reach from the top of 
the banks of the stream, right down into its bed, that it 
may not leak underneath. 

The overfall should be fixed square across the stream 
and so that its centre should correspond with the centre 
of the current. Sharp, clean-cut trenches should be cut 
in the banks and bed of the stream to receive the board. 
Some well-tempered clay or puddle should be ready at 
hand to trample down by the sides of the board the 
moment it is dropped into its trench ; that is, before the 
water has had time to accumulate behind it. A rough 
kind of timber apron should also have been prepared to fit 
the stream, and as soon as the overfall has been got in, 
and the clay puddled down, this apron should be fixed 



FOBIC OF NOTCHES IN OYEBFALLS. 189 

before the water begins to overflow, or it will very quickly 
tear up the puddle and the bed of tiie stream below. 

The cill of the overfall should be high enough to pre- 
vent its being submerged when the rains come on ; but it 
should not be raised sufficiently to cause the first floods to 
overflow the banks. Circumstances only can guide us in 
considering this matter. 

Before setting up the overfall, we should drive a stout 
post into the bed of the stream and in the centre of the 
current, some distance above. 

After the board has been fi;ot safely in, a feather-edged 
rule, some two or three feet long, divided into tenths and 
himdredths of a foot, or into inches, should be nailed to 
the post, and the zero of this rule should be made exactly 
level with the cill of the overfalL This rule will be the 
measure of the depth of water at the rule, above the level 
of the cill. 

The triangular, instead of the rectangular form of 
notch, was introduced by Professor Thomson of Belfast, 
and the following observations and recommendations are 
made in favour of its general adoption for gauging the 
discharge of streams, more particul^ly in reference to the 
requirements we now refer to. 

The rectangular notch has been experimented on in 
various countries, at great cost, and by many of the most 
eminently scientific and practical men, in France and 
En^and particularly, the object being to determine the 
coefficients of f ormidas necessary for uieir application in 
practice. For many purposes thev are both suitable and 
convenient. They are, however, but ill adapted for the 
measurement of very variable quantities of water, such as 
commonly occur in gauging small or moderately sized 
streams ; this is particularly the case with streams flowing 
through meadows or slightly undulating countries, where 
the banks are shallow, and when the quantity of water 
flowing past all the year round has to be ascertained. 

If tne rectangular notch is made wide enough to allow 
all the flood water to pass through it at all times, which is 
generally what we are anxious to ascertain, then in dry 
weather the water runs so shallow over the crest of the 
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overfall, that its indications cannot be so well relied npon. 
This at least will be the case unless the OTerf aU is set up 
in seasons of drought. 

In the rectangular notches the parallelograms are dis- 
similar for every varying depth of water, but for the tri- 
angular notch the triangles are always similar. 

To remove in some degree this objection, gauges for 
rivers and streams are sometimes formed with a small 
rectangular notch, cut down below the general level of 
the cr^ of the larger rectangular notch. This, however, 
is only where great accuracy is sought for, and will involve 
rather intricate formulas. 

If now, instead of one depression being made for dry 
weather, and others for larger quantities of water, we use 
a crest wide enough for use in floods, we may conceive a 
large number of depressions extending so as to give the 
cr^ the appearance of a set of steps of stairs ; and if we 
conceive the number of such steps to become infinitely 
great, we are led at once to the conception of a triangular 
instead of a rectangular notch. 

The principle of the triangular notch being thus arrived 
at, it becomes evident that there is no necessity for leaving 
one side of the notch vertical and the other slanting, but 
that it may in many cases prove more convenient that 
both sides should be made slaiiting with slopes alike ; the 
former arrangement indeed would be very inconvenient. 

It is then to be observed, that by the use of the trian- 
gular notch with proper formulas and co-eflScients, derivable 
by due attention to theory and experience, quantities of 
running water, from the smallest to the largest, may be 
accurately gauged by their flow through the same notch. 

The reason of this is obvious, from considering that in 
the triang^ular notch, when the quantity flowing is very 
small, the flow is confined to a small space admitting of 
accurate measurement; and that the space for the flow 
of water increases, but still continues such as to admit of 
accurate measurement by the same formula and co-efficient, 
the depth of water being the only variable quantity. 

Further, the ordinary rectang^ular notch, when applied 
for gauging rivers, is subject to a serious objection from 
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the difficnltT or impossibiKtT of properly tskinor into 
account the inflaenoe of the bottcon of the ixrer on the 
flow of the water in the stream tovBrds the notch. 

If it were practicable to dam up the stream so deep that 
the wato* wcmhi flow through the notch a» if coining fran 
a resenrcHr of still water, the difficultr would not arise. 
This is geneiallr what we aim at in setting up OTerflow 
notch boards, at least as much as pos^le ; we haTe, how- 
erer, often to guard against flooding higher up the stream, 
where perhaps a public road may cross., and also to the 
result of hesTy freshets, which would be to constantly 
OTerflow the dam. 

It isy howerer, rery seldom that we can do exactly what 
we want in practice, and although the bottom of the 
stream or riTer may be ao far below the crest as to produce 
but little effect on the flow of the water, when the quantity 
flowing is snail, yet when this is reTersed the Telocity of 
approach coanes to haTe a Tery material influence on the 
flow of the water, but an influence which is usnallT di£S- 
cult to ascertain with satisfactory aocuracy. 

In the triangular form of notch, the influence of the 
bottom maT be rendered definite, and such as to affect 
alike (or at least by some law that may be readily deter- 
mined 1^ experiment) the flow of the water when Tery 
small or Tery great in the same notch. 

The method by which Professor Thomson has proposed 
that this may be effected consists in constructing a floor 
starting exactly frvHn the Tertex of the notch, so as to 
form a bottom for the channel of approach, both up stream 
and laterally, which will both be anooth, and niIl serre 
as the lower bounding surface of a passage of approach 
undiffliging in form, while increaang in magnitude, at 
the placies at least which are adjacent to the Tertex of the 
notch. 

Xo doubt this would be a Tery accurate mode of dealing 
with special cases, but when numerous streams haTe to be 
gauged OTer a wide area of country, it would become Tery 
eraensiTe to construct such gauges for erery case. 

The floor mij^t be either perfectly IctcI, or might con- 
sist of two danting planes;, whose intersection would start 
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booL the vertex o{ the notch, and would pass up Btresm 
perpendicularly to the direction of the oatEall ; the two 
planes slanting upwards from their intersection nune gently 
than the sides of the notch. 

The level floor, although theoretically not quite so per- 
fect as the floor with the two slanting planes^, would pro- 
bably be the most oonvenient arrangement for general 
practical purposes. Considering aU the minor practical 
difficulties which arise in getting an overfall wdl set in 
the streams to be ganged, there is no doubt that the level 
floor would be the most easily set up. This will be readily 
admitted by all who have had experience of setting up 
such dams, and even the level flocnr would occasion some 
trouble in a stream of any size. 

With reference to the use of Hie floor, it may be said, 
in short, that by a due arrangement of the notch and the 
floor, a discharge orifice and channel of approach may be 
produced, of which the upper sur&oe of the water being 
considered as the top of the channel and orifice, the forms 
will be as little changed as possible with variations in the 
depth of water flowing over ; mm^ leas certainly than in 
the case of rectangular notches. 

Whatever may be the result in this respect, the main 
object must be to obtain, for a moderate number of tri- 
angular notches of different forms, both with and without 
floors at the passage of approach, the necessary co-efficients 
for the various forms of notches and approaches selected, 
and for various depths in any one of Ihem, so as to allow 
of streams being gauged for practical purposes by means 
of similarly formed notches and approaches, i What- 
ever form of notch is adopted, there can be no doubt that 
it is verv desirable to adopt the like form throughout a 
series of experimental over&lls, and to make mem as 
much as possible bear the same proportion to the body of 
the stream. 

The utilily of the proposed method of gauging will not 
depend upon a perfectly close agreement of theory with 
experiments, heoixuse a table of experimental co-effici^its 
for various depths, or an empirical formula modified from 
the theoretical one, will serve all general purposes. 
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There is one very decided and practical simplification in 
tlie method of gauging streams introduced by Professor 
Thomson, and which has become adopted by many ; the 
quantity of water flowing becomes a function in a form 
with only one variable, namely, the measured head of 
water ; practically at least it wul be so in ordinary cases. 
In the rectangular notches there are two important vari- 
ables, the horizontal width and depth of the notch, as well 
as the head of water; there is frequently also a third 
variable very difficult to be taken into account, namely 
the depth irom the crest of the notch to the bottom 
of the channel of approach, which depth must vary in 
its influence with all the varying ratios between it 
and the other two quantities of which the flow is a 
function. 

The proposed system of gauging also gives facilities for 
taking another element into account, which often arises 
in practice, namely the influence of backwater on the flow 
of the water on the gauge, when, as frequently occurs in 
rivers and streams, it is found impracticable to dam up 
sufficiently high to give a clear overfall, free from the 
backwater. 

For any given ratio of the height of the backwater 
above the vertex of the notch to the height of headwater 
above the vertex of the notch, Professor Thomson would 
anticipate that the quantities flowing would still be, ap- 
proximately at least, proportional to the square root of 
the fifth power of the head as before. A set of co-efficients 
would have to be determined experimentally for different 
ratios of the height of the head of water to the height of 
backwater above the vertex of the notch. 

Some preliminary experiments were made on a right- 
angled triangular notch in a vertical plane surface, the sides 
of the notch making angles of 45° with the horizon, and 
the flow of water being from a wide and deep pool of quiet 
water, the fluid thus approaching the notch uninfluenced 
by any floor or bottom. The experiments were made on 
quantities of water varying from about 2 to 10 cubic feet 
per minute, with heads varying from 2 to 4 inches in the 
right-angled triangular notch. 

o 
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From them the following formula was derived : 

0=0-317 ^i?; 

in which q is the quantity of water in mibicfeet per minute ; 
and H the head in inches measured vertically from the still- 
water level of the pool down to the vertex of the notch. 

The foregoing formula has only been submitted tempo- 
rarily as being accurate enough for use for ordinary 
practical purposes, for the measurement of water flowing 
from notches similar to the one experimented upon, and 
for quantities limited to nearly the same range as those in 
the experiments. 

In the ordinary practice of stream gauging, to which 
we now principally refer, the above formula and the appli- 
cation of the right-angled triangular overfall are found 
exceedingly convenient, as there is in reality no calcula- 
tions to make when once a table of the square root of the 
fifth powers has been calculated. Where there is a nume- 
rous series of gauges, over an extensive area of country, 
requiring gauging as often as possible in the course of 
every twenty-four hours, a very great nimiber of calcula- 
tions have often to be made in the old and ordinary manner 
of gauging, where very accurate results are required. 

It may, however, be mentioned that to obtain this 
accuracy anything like literally, it requires some very 
trustworthy observer to be constantly on the watch at 
every overfall ; a passing shower, more particularly where 
the stratification causes the action to be rapid, a lump of 
weeds or a small branch of a tree which may get tem- 
porarily entangled on the crest of the notch, may vitiate 
gaugings, as far as very great accuracy is concerned, 
although otherwise made with great care. 

Mr. Neville, the eminent authority on hydraulics, 
makes the following observations on this subject : — 

' The disadvantage of the proposed triangular form of 
depression, if permanent in a dam, would be that the 
angular point should be at a lower level than the top of a 
horizontal crest to maintain the same level above, of the 
water during floods, and therefore the power of the water 
and head would be reduced at the period when most 
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required for mill power or navigation purposes, that is 
during dry weather. For drainage purposes the winter 
level, or that during floods, must evidently be kept down, 
unless where the banks are steep and along rapids ; but 
these remarks do not apply to dams erected across mill- 
races or streams, where the banks are generally consider- 
ably above floods. These remarks refer to occasions for 
permanent gauging to find the relations of evaporation, 
absorption, and discharge in given catchment areas.' 

We have already explained the construction of overfalls 
or notched boards for guaging the discharge of streams ; 
we will only again refer to the necessity of their being 
carefully got into the bed and banks of the streams, that 
they should be water-tight, and with the cill perfectly 
level. It is unnecessary to observe further that these 
gauges require watching, in order that nothing should 
occur to cause an escape at the sides or at the bottom of 
the stream, a circumstance which may be occasioned by 
heavy floods, unless the subject is carefully looked after. 

If we take a board with a notch of any shape whatsoever 
cut in it, the board will first pen back the water to a cer- 
tain level, and very soon after the water will fall or flow 
over the notch with a velocity due to the difference of level 
between the surface of still water and the centre of the 
cill of the notch. 

The velocity of water flowing through an aperture is 
taken as equal to that acquired by a heavy body falling in 
vacuo through a given height equal to the difference of 
level just above referred to. 

The velocity, per second, in passing through any imit, 
as a foot or an inch, is equal in terms of stick unit to twice 
the square root of the force of gravity, and the velocity 
acquired in falling through any given height is as the 
square root of the aeight fallen through. 

If we put H for the height in feet, observing that such 
height refers to the above-mentioned difference of level, 
and if we put v in similar terms for the velocity acquired 
in falling through h, and g in the same terms for the 
force of gravity or height fallen through by a heavy body 
in one second of time, we shall obtain the following 
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expressioiiBy o, in tlie latitude of London being taken at 
16-08 feet, _ 

V per second = 2 V' le^OSir = 8-02 V H. 

It is usual, however, according to the most recent ex- 
periments, to take this expression as 

V per second = 8.03 v^ H. 

Or, V per minute=481*8 v^h. 

The discharge through any aperture will always be 
equal to the mean velocity multiplied by the actual 
sectional area of the escaping fluid, and which sectional 
area is never equal to that of the aperture. 

If they were equal we should have, 

Discharge per minute=481'8 a+ v^h, 

in which a is put for the area of aperture. 

In all cases the co-efficient 481 '8 requires modification, 
and for the apertures now referred to, that is, the over- 
falls from weirs and notched boards, there is a very 
considerable modification on account of the parabolic form 
of the fall of water, besides the friction and the contracted 
vein. 

The issuing water assumes a parabolic form, and the 
sectional area is two-thirds of the circumscribing rect- 
angle, and putting a for the area of such rectangle, and l 
the length of the overfall, and c for the co-emcient, we 
shall have 

Discharge per minute= 481-8+L+f a+ \/h+c. 

Veiy numerous experiments make the co-efficient to 
vary from about '58 to '7; therefore 481*8 may vary 
between 186*3 and 224*8. As an average c is very com- 
monly taken at '63, so that the 

Discharge in cubic feet per \ 

minute over every foot in > = 204 ^ h* or 204 h« 
length of an overfall ) 

where H is the head in Jeet, or the difierence in level 
from the cill of the notch to the surface of still water 
above. 
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And where the head h is taken in inches, the co-efficient 
is very commonly taken at 5*1, when the 

Discharge in cubic feet per minute \ 

over every foot in length of over- > =2 5 \/ h^ or 5 k^ 
fall ) 

These co-efficients apply to overfalls of which the out- 
side arrises are chamfered and smooth ; if the inner and 
outer arrises are rounded and smooth the co-efficients will 
be considerably increased. Mr. Neville, in his invaluable 
work on hydraulics, has given some lengthy tables of co- 
efficients, of which it has been rather idly said, ' It seems 
a waste of time and an attempt to refine where the data 
are not sufficient for the purpose.' Where accuracy is 
to be obtained we consider their application indispensable, 
at the same time that we admit that it involves consider- 
able amounts of calculation, but Mr. Neville does not 
seem to think very highly of what may be termed roydl 
roads, and as regards the data, we very much doubt 
whether we shall ever have better than those we possess. ; 

A few concise practical remarks on the use of average co- 
efficients may be acceptable in reference to general purpose^. 

From the valuable experiments of Poncelet and Lesbros 
at Metz, we find the co-efficients vary from '677 for an 
aperture 8" by 8''' to '63 for an opening of 8" by 4" ; the 
mean value of ten experiments is *603. 

Du Buat's experiments with a notch 18 inches long 
give "632 for a mean value, and Brindley and Smeaton's 
experiments with notches 6 inches wide and from 1 to 
6^ inches deep, give from '571 to •713, the mean being "637. 

Mr. Ballard's experiments with a board 2 feet long give 
'732 for an average co-efficient ; but there is reason to 
believe that the heads were taken on the board itself 
instead of to the level of still water. 

Mr. Blackwell's experiments with an overfall bar, 
2 inches thick and 10 feet long, give co-efficients varying 
from '591 with a depth of about 1 inch to '781, with a 
depth of 9 inches, the mean of nineteen experiments being 
•723 ; the velocity of approach in most of the experiments 
was, however, plainly perceptible. 

Where, in the above formulas, we make use of that 
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oo-effideot C, the table on fdlowing page, deriTed 
from the Kennet ud ATonezpermientByiall be iMufuL 

Where we oed^ to make our cakolatioiiB by ahotier and 
aomewhat leas accurate reanlta, though aufficiently ao for 
general pmpoaea, we may make oae of the following taUe, 
wha« the eo-effidenta in colomn marked a are giTen 

inatead of 204 in the fonnula 204 ^h' (h being the head 
in feet ; thoae in oolnmn b will apply instead d Bin the 
fermnla 5 ^^(^ the head bang in inches). ThedeacriptifHL 
of the orer&Us applies to the same ezperimenta as thelast : — 



levd of gtOl water. 



From 1 
3 
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f» 
ft 

tf 

ft 

9t 

tt 
tt 
tt 
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tt 
ft 
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1 
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6 
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3 
6 

1 
3 

6 

1 
3 
6 

3 

7 

1 
6 
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to 3 

to 6 
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to 14 
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to 12 
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2 
6 

3 
6 



to 9 

to 3 
to 6 
to 9 

to 3 
to 6 
to 9 

to 7 
to 12 

to 6 
to 8 
to 10 






I Thin plate 3 feet long 
Thin plite 10 fioet long 



Flank r thii^ at CMt 



Ditto 6 ftet long 



Ditto 10 feet long 



\ Ditto 10 feet long, wi 

) boards at an angle of 60^ 

Croat 3 feet wide, 3 feet long, 
level 



Ditto ditto, aloping 1 in 18 . 



Ditto ditto, aloping 1 in 12 . 

Croat 3 feet wide, 6 feet long, 
level 



i Ditto, 



10 feet long, level . 



212 
194 



6-1 
4-68 



241 
210 
178 


6-76 
5-16 
4-32 


165 
186 
196 


3-96 

4-44 

4-62 


173 
191 
189 
173 


4-14 

4-60 
4-44 
4-14 


167 
191 
180 
172 


4-08 
4-60 
4-32 
4-14 


230 
213 


6-62 
6-22 


147 
160 
163 


3-64 
3-60 
3-66 


176 
162 
160 


4-20 
3-66 
3-84 


166 

168 
163 


3-96 
3-78 
3-96 


159 
149 


3-72 
3-60 


147 
168 
161 


3-54 
8-78 
3*66 
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The following is a table of Theoretical Discharges over 
1 foot in length of any overfall in cubic feet per minute. 
The figoreSy therefore, only require multiplying by the 
suitable co-efficient from the former of the aboye two 
tables and by the length of the overffdl to give the actual 
discharge : — 



Head. 


Diachaige. 


Head. 


Diflcharge. 


Head. 


DiBcharge. 


Inches. 


Cubic feet. 


Inches. 


Cahic feet. 


Inches. 


Cnbic feet. 


0-26 


0-96 


7-76 


166-60 


19-6 


664-94 


0-50 


2-73 


8- 


176-73 


20- 


690-68 


0-76 


602 


8-26 


182-98 


20-6 


716-74 


1- 


7-72 


8-60 


191-37 


21- 


743-13 


1-26 


10-79 


8-76 


199-87 


21-5 


769-83 


1-60 


1419 


; 9- 


208-50 


22- 


796 83 


1-76 


17-88 


9-26 


217-24 


22-6 


82416 


2- 


21-84 


9-60 


226-11 


23- 


851-78 


2-26 


2606 


9-76 


236-09 


23-5 


879-70 


2-60 


30-52 


10- 


244-19 


24- 


907-93 


2-76 


36-22 


10-26 


263-41 


25- 


966-25 


3' 


40-12 


10-60 


262-73 


26- 


1023-76 


3-25 


46-24 


10-76 


272-17 


27- 


1083-38 


3-60 


60-66 


11- 


281-72 


28- 


1144-12 


3-76 


66-08 


11-60 


301-16 


29- 


1205-96 


4- 


61-78 


12- 


321-20 


30- 


1268-86 


4-26 


67-66 


12-60 


341-27 


31- 


1332-83 


4-60 


73-71 


13- 


361-96 


32- 


1396-84 


4-76 


79-94 


13-6 


38303 


33- 


1463-88 


6- 


86-33 


14- 


404-61 


34- 


1630-92 


6-25 


92-89 


14-6 


426-37 


35- 


1698-95 


6-60 


99-60 


16- 


448-61 


36- 


1667-96 


6-76 


106-47 


16-6 


471-23 


1 37- 


1737-94 


6- 


113-49 


16- 


494-21 


38- 


1808-88 


6-26 


120-66 


16-5 


617-66 


39- 


1880-76 


6-50 


127-97 


17- 


641-26 


40- 


1953-54 


6-76 


136-42 


17-6 


666-32 


41- 


2027-26 


7- 


143-02 


18- 


689-72 


42- 


2101-88 


7-25 


160-74 


18-5 


614-44 


43- 


2177-39 


7-60 


168-61 


19- 


639-63 


44- 


2253-78 



When a weir or overfall extends from side to side of a 
channel, the contraction Is less than when it forms a 
notch, and the co-efficient sometimes rises to nearly *7. 
When the weir or notch extends only one-fourth or less 
of the width of the channel^ the co-efficient may vary 
from -58 to '6. 

A gathering ground is a certain area of country which 
receives and intercepts more or less the amount of rain 
falling over it; this quantity will therefore generally 
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depend on the geological formation, on the nature of the 
superficial ground, on the angle of inclination, and on 
the natural or artificial drainage. 

Even a casual examination of gathering grounds from 
which it is proposed to collect water for the purposes of a 
town supply requires grave consideration. 

Gathering grounds are drained by rivers and tributary 
streams, and generally those are selected which are sur- 
rounded by high grounds and sometimes lofty mountains ; 
it is more particularly in the latter case that gathering 
grounds are valuable on account of the large amount of 
rain collected by mountain ridges, provided, however, there 
is nothing unfavourable about the geological character. 

The upper basins of the main tributaries of the River 
Severn consist of about 130,000 acres, and the summits of 
the gathering grounds are from 2,500 to 3,000 feet in 
altitude, and the average annual rainfall is probably not 
much less than 150 inches ; in some parts of Essex the 
annual rainfall is said to be less than 20 inches. 

The depth of rainfall in inches multiplied by the con- 
stant 2,323,200 will be equal to the quantity of water in 
cubic feet per square mile. 

Hence the following tablet ; — 





Cubio feet per Square Mile aooording to the Depth of Baixxfall. 




Balnfall. 


Cubio feet 
per square mile. 


BainMi. 


Cubic feet 
per square mile. 




IncheB. 




Inches. 






0-100 


232,320 


0-526 


1,219,680 




0-125 


290,400 


0-660 


1,277,760 




0-160 


348,480 


0-576 s 


1,336,840 




0-176 


406,660 


0-600 


1,393,920 




0-200 


464,640 


0-626 


1,452,000 




0-225 


622,720 


0-660 


1,610,080 




0.260 


680,800 


0-676 


1,568,160 




0-276 


638,880 


0-700 


1,626,240 




0-300 


696,960 


0-726 


1,684,320 




0-326 


766,040 


0-760 


1,742,400 




0.360 


813,120 


0-776 


1,800,480 




0-376 


871,200 


0-800 


1,858,660 




0-400 


929,280 


0-825 


1,916,640 




0-426 


987,360 


0-860 


1,974,720 




0-460 


1,046,440 


0-876 


2,032,800 




0-476 


1,103,620 


0-900 


2,090,880 




0-500 


1,161,600 


0-925 
0-950 
0-975 


2,148,960 
2,207,040 
2,266,120 


1 
1 






1000 


2,323,200 
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The depth of rainfall multiplied by the constant 3,630 
will give the quantity of water in cubic feet per square 
acre. 

The variations that may and do constantly occur in the 
annual depth of rainMl in various parts of Qxeat Britain 
is partly shown in the following tables. 

For instance, we have the following record for the 
Longdendale Yalley, near Manchester, the Rhodes Wood 
Station being 520 feet above the level of the sea, and 
the Woodhead 680 feet above the same level, or 160 feet 
higher : — 



YeaxB. 


Bhodes Wood. 


Woodhead. 




Bainfidl m inches. 


1856 


34-49 


40-33 


1866 


4916 


60-89 


1867 


4004 


46-08 


1868 


42-77 


45-64 


1869 


46-34 


63-36 


1860 


47-86 


53-69 


1861 


40-22 


44-24 


1862 


47-28 


49-63 


1863 


4804 


63-77 


1864 


38-50 


43-62 



Mean Bainpall nr thb Lake District. 



Place of ob8erTatio&. 


Level above eea. 


Kiimher<tf 

yean of 
ObflervattonB. 


Mean depth of 
ndxifdl. 




Feet 




Znehee. 


Keswick 


258 


10 


69-6 


Loweswater 


336 


10 


67-29 


Crummock Lake 


260 


10 


841 


Gfttesgarth 


290 


9 


U4-7 


Eskdale Head 


— 


7 


77-9 


Wastdale Head 


247 


10 


101-4 


Selside 


736 


6 


73-5 


The Hough, Troutbeck 


503 


10 


79-3 


Ambleside 


190 


6 


79-6 


Seathwaite 


~— 


9 


140-6 


Stonetbwaite 


340 


7 


111-4 
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Loch Kat&dce District. 





Level above 

BvK* 


Depth of ndnfiiU. 


1866. 1 1866. 

1 


1867. 


Bridge of Turk 
Between Glen Finlan ) 

and Glen Ledi j 
Glengyle 
Between Loch Ard \ 

and Loch Katrine f 
On Slope of Ben Lomond 


Feet. 
270 

1800 

380 

1500 

1800 


InchM. 
39-0 

66-1 

66-5 

74-1 

69-9 


Inches. 
48-3 

79-3 
74-2 
81-0 


Inches. 
64*8 

48-3 

91-6 

85-5 



The following table of average depths of rainfall in the 
same district shows how very greatly these depths may 
vary in localities which are at no great distance from each 
other^ and consequently how important it is to study 
with great attention where the rain gauges should be 
placed : — 



Valley gauges. 


Height above 
sea level. 


Nnmherof 
years. 


Mean depth 


Loch Venekar 
Bridge of Turk 
Glengvle 
Loch Dhu 


Feet. 

276 

270 

380 

325 


4 
11 
11 

4 


Inches. 
64-7 
60-2 
92-4 
91-7 



Mountain gauges. 


Height above 
sea level. 


Number of 
years. 


Mean depth 
of rainfall. 


Loch Drunker 
Between Glen Finlas and 

Glen Ledi 
Between Loch Ohou and \ 

Loch Katrine j 
On Slope of Ben Lomond 


Feet. 

420 
1800 

830 

1500 
1800 


10 
4 

10 
11 


Inches. 

59-9 
86-2 

84*8 

91*9 



Where the gathering ground from which it is proposed 
to collect a supply is very extensive^ and where the levels 
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Tary greatly ; where the exposures differ Tery much and 
the configuration is very irregular in some places and at 
others very flat ; where there are numerous streams and 
tributaries ; where the geological formations vary at all '; 
where there are sands, clay, gravel, or rock — ^under these 
circumstances the accurate gauging of streams and of 
rainfall becomes very intricate, and it is frequently diffi- 
cult to reconcile discrepancies. 

Almost always there will be a much heavier rainfall 
on one side of a chain of hills than on the other. The 
number of troughs or valleys towards the summit of hills 
will form catchment basins for clouds, where they will 
deposit rain, and on mountains where these do not occur, 
the clouds will often pass on without depositing any of 
their watery contents. 

The amount of rainfall increases generally with the rise 
of levels, but more rain falls on the flanks of mountains 
than at their summits, more particularly under the condi- 
tions above referred to. 

In the West of England it is generally found that 
after the clouds come over the westerly summits, a large 
amount of water is caught in the first troughs of a valley, 
so that at a much lower point on one side of a ridge there 
may be a heavier rainfall than at a higher level on the 
other side of the ridge. 

Where the sides of the hills surrounding a gathering 
ground are steep, the rainfall will flow off rapidly into the 
streams, and more particularly where a rocky stratifica- 
tion shows itself on the surface, and there is not much 
room for absorption and percolation. 

On flat tablelands and moorlands, with a great depth of 
absorbing and undrained material, there may often be 
heavy rainfalls, which will be detained and evaporated, 
but from which, being drained, a large amount of water 
would flow off at a lower level. After a long wet season, 
however, the absorbing material becomes saturated, and 
much of the rain will then flow rapidly off the surface at 
once, but sometimes a much larger quantity will percolate 
down to an impermeable stratum, from which it will flow 
off in springs;, the proportionate quantities given off 
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under these circumstances may greatly depend on the 
nature of the materials, some of which will hold water 
much faster than others, and on the angle of inclination 
of the substratum over which the water has flowed. 

The same observations will bear upon the sands and 
gravels overlying such formations ; for instance, Lias and 
Oolites. Areas of many square miles under the Lower 
Greensand overlyinfi: the former formation are often, even 
after very heavf rains, perfectly dry, because the ^ater, 
at first absorbed and detained, has been afterwards dis- 
charged at a lower level by reason of the inclination of 
the substratimi; and frequently this happens at some 
hxindreds of feet lower, where a great deal of water may 
be found. The inclination of the lower beds will deter- 
mine on which side of a hill the water will flow out, 
except such portions as may meet with a lars:e rent or 
fault, and which may be carded ofi in another Section. 

The aspect of mountains and hill-sides, and of the 
troughs and subsidiary valleys with which they are fur- 
rowed; their proximitjr to the sea and their altitudes; 
their geological construction and the configuration of such 
construction ; the inclination of the sides and of the 
geological formations, and whether or not these form 
basins of absorption ; the overlying materials — ^all these 
are important elements as to the amount of rain fallen, 
the evaporation and absorption, and the discharge of 
water : it will be seen that great discrepancies frequently 
must appear to rise between the amount of rainfall and 
the discharge of water from a given district, until by 
proper observations such discrepancies are reconciled ; to 
accomplish this satisfactorily often consumes a greater 
amount of time than may atU sight be imagini; fre- 
quently, however, it has to be done. 

It will be seen that over an extensive gathering ground 
with any such characteristics as we have above referred 
to, numerous guages to measure the rainfall, and nume- 
rous overfalls to gauge the quantities discharged bv the 
streams are often absolutely necessary where we loot for 
anything like close approximations to the quantities of 
water that may really be obtained. 
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We may liave parallel yalleys of greater or less magni* 
tude drained by streams and tributaries, and of wbich the 
conformation at the surface and the geological configura- 
tion nndemeath may be sach that one valley may, as it 
were, completely rob the other, both as regards rain&ll 
and discharge of water absorbed ; but the e:d»nt to which 
this may occur can only be ascertained by careful gauging, 
both of streams and rsunf aU. This fetching of water by 
one valley from another often takes place for great dis- 
tances and far beyond the apparently legitimate range of 
any particular gathering ground. 

In the chalk, unless where the sides of the hills are 
steep, a large proportion of the rainfall is absorbed, and 
carried down to flint beds, where it is stored in krge 
sheets of water; in this formation, also, water is often 
fetched from great distances by a flat underlie. The 
water is hard, though a most agreeable drinking water. 

The Silurian formations, the granites and the older 
rocks generally, as well as volcanic districts, throw off 
water very rapidly ; these and the miUstone-grit formation 
are all favourable for giving fine soft water. 

Sandstones and shales form excellent filters, and the 
water flowing from them is always very pure, and gener- 
ally of one or two degrees of hardness. 

The Old and New Red Standstone formations have 
great powers of storing water, as exhibited*by the nume- 
rous wells formed in these formations. 

It often occurs that in gathering grounds, otherwise 
excellent, there may be portions yielding water of an 
inferior character, such as that flowing from decomposing 
peat, or from a tract of land highly manured, or from a 
metalliferous district ; the quantities of water discharged 
from such districts have generally to be ascertained. 
Similar observations may have to be made as to quantities 
of hard and soft waters, and of the purest, flowing from 
one gathering ground. Such may be required for dye, 
print, and chemical works ; we may have to ascertain the 
quantities of water discharged by streams appropriated by 
existing mills or other interests, and also of such waters 
which it may be desired to substitute for them. 



EAIN GAUGES. 207 

Enough^ we suppose, has now been said to explain the 
importance of careful examination of extensive gathering 
grounds, not only as regards formation and configuration, 
but also as regards the position of stream and rain gauges. 

Where a number of rain gauges are used it is more 
than desirable that they should all be of exactly the same 
diameter ; this may be from 6 to 12 inches, at the option 
of the observer ; their being all of one size obviates the 
necessity of there being more than one graduated measur- 
ing glass ; and, as this is an important though very simple 
instrument, we will say a few words about it because, unless 
care be taken, it is very likely to get broken. 

The area of the rain gauge funnel, multiplied by 
252*458, the weight in grains of a cubic inch of distilled 
water, and the product divided by 437*6, the number of 
grains in one oz. avoirdupois, gives the weight in ounces 
of one inch depth of rain over the area of the rain gauge ; 
then the depth of any cylindrical glass, containing such 
quantity of water and graduated into tenths and hun- 
dredths, will give the depth of rain over the area of the 
^uge. If, for instance, the diameter of the rain gauge 
IS 7 inches, then the area will be 38*4846 inches, and we 
shall have 

38*4846 X ^52'458 _go.gQg 

437-5 

Then any glass containing 22*205 ounces of water, and 
graduated as above, will give the means of measuring the 
depth of rain which has fallen on the gauge. 

The above calculations are shortened by using the 
constant 0*577; thus 38*4846x0*577 equal to 22-205, 
and the same for any other area of gauge ; then as a gene- 
ral rule we have the square of the diameter of the area of 
gauge X 0*7854 x 0*577, which gives the weight in ounces 
of one inch depth of rain over the gauge. The same 
result will of course be obtained by simply multiplying 
the square of the diameter by the constant 0*45317. 

Where we have any glass of a given diameter, and we 
wish to find the depth that shall contain a quantity of 
water equal to 1 inch distributed over the area of the rain 
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gauge, divide the weight in ounces of such inch of 
water by the square of the diameter of the glass multiplied 
by the above couBtant 0-45317 ; the quotient will be the 
depth of the glass, which, divided in tenths and hundredths, 
gives the graduations required. For instance, let the 
glass be 4 inches in diameter, and the diameter of the 
gauge 7 inches as above, then 

^5^^7=3-06 inches. 

The hydraulic inclination of streams and rivers is found 
practicaUy by dividing the head of water by the length. 

The hydraulic mean depth is the sectional area of water 
divided by the wetted border or perimeter. 

The mean velocity is found approximately by multi- 
plying the maximum velocity, which is at the surface and 
centre of a current, by the following co-efficients : — 

0*81 for small channels 

0*835 for larger channels, but not irregular rivers. 

For crooked channels, with shallow streams over beds 
of stones and weeds, the above co-efficients may be reduced 
to 0-7. 

The surface velocity of streams may be measured by 
floats ; where we have nothing better at hand, a slice of 
apple makes a very good float ; the velocity with which 
this flows over a hundred feet of the stream should be 
ascertained by repeated experiments. 

To measure the discharge of rivers by mean velocities, 
we should have a section across the breadth, and, accord- 
ing to inequalities in the bed, this breadth should be 
divided into sections, and mean velocities obtained for 
each of these. 

The current meter is a useful instrument for measuring 
the velocity of streams at any depth of water ; we here 
give a figure of this instrument, a is a rod to sink it to 
any required depth ; c is a vane or * fly,' the axle of which 
carries an endless screw turning a graduated wheel b, 
which indicates the velocity ; f is a plate which steadies 
the instrument, and keeps it vertical. 
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By givmg a sliglit poll to the line d, the inBtrument is 
releaa^ The velocity of a Btream may be ascertained at 



any depth, and a suitable average velocity may be taken 
to ascertain the discharge. The current meter is useful 
also to ascertain the velocity of under currents. 

The constant for every current meter must be ascer- 
tained by experiment. 



CHAPTEE XII. 

OFFICE WORK. 

LAKD QUAKTITXBS — ^PLANIMBTER^RBDUCINO PLANI 

EIDOGBAPH. 



-PAMTAO&APH — 



Ascertaining land quantities from plots, or scaling, as it 
is termed sometimes, is a most tedious operation, when we 
have any large quantity to deal with ; the method almost 
always adopted in practice is to reduce the figure to be 
scaled to some parallelogram, or divide it into triangles. 
The planimeter of Messrs. Elliot, here illustrated, shortens 
this very tedious operation, b and r are two points at 
the ends of the movable arms, a and b ; when in use the 




instrument rests on these two points, and on a third, being 
that part of the graduated wheel d which is tangent to 
the paper. 6 is a graduated disc connected with an end- 
less screw, and h is a vernier to the wheel d. 

In the operation of computing with the planimeter, 
place the point e conveniently on the paper, so that the 
tracer f may be in a position to be run over the greatest 
possible portion of the periphery of the figure to be 
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measured ; then read off the instrument ; trace the contour 
a second time and again read off; subtract the first reading 
from the second, and multiply the remainder by 10, which 
gives the reading in square inches, with two places of 
decimals. Let the first reading of the disc o be 2, that of 
D equal to 80, but with the vernier reading instead of 80 
let it be 805 ; then the reading of the instrument at start- 
ing is to be set down as 2*805 ; let the second reading be 
7-553 ; this, minus the first, equal to 4*748, which multi- 
plied by 10 equals 47*48 as the contents in square inches. 

In tracing the periphery, observe whether the disc g 
performs an entire revolution, for in that case 10 must be 
added to the unit in the last reading. If, for example, 
the second reading above had been 7*553 plus an entire 
circuit, then we should have had 7*553 plus 10 equal to 
17*553, from which subtracting 2*805 and multiplying 
the remainder by 10, we get 147*48. If the periphery is 
too long for the instrument to trace at once, the figure 
may be divided into two or three. The instrument is 
constructed to give areas in other denominations than 
square inches ; but this is a very convenient one for the 
English Ordnance Map of one inch to the mile, in which 
the above computation would give 147^ square miles. 

Let us now suppose that we are computing from a plan 
with a scale of 5 chains to the inch ; 5 chains square is 
equal to 250,000 square links ; from this we obtain the 
constant by which to multiply the number of square 
inches found with the planimeter to reduce the area to 
square links. 



Then for a 1 chain scale 


we 


shall have 


. 100 


2 








400 
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. 900 
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. 1,600 


5 








. 2,600 


6 








. 3,600 



as constants by which to multiply the square inches found 
with the planimeter, to reduce them to square links, which 
will be the more easily remembered, from the multipliers 
being the square of the number of chains to one inch, 
with two zeros added. 
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Reducing plans is a simple operation, which, however, 
requires care and some practice, because the reduced plans 
are often required at short notice. The work of reducing 
is often done with proportional compasses, but we prefer 
having this done by squares ; that is to say, the plan to 
be reduced is divided into a certain number of squares, 
each perhaps ten chains wide. The paper on which the 
reduced plan is to be drawn is then divided into the same 
number of squares, but adopting the proper reduced scale 
for the width of the smaller squares. 

When the plan to be reduced is of any great extent, a 
large amount of labour is saved by making use of the panta- 
graph or eidograph, of which illustrations are given. 

The pantagraph consists of four flat rulers, made either 
of wood or brass ; the two outside ones are generally from 
15 to 24 inches long, and the others about half that 
length ; the longer ones are united together by a pivot, 
about which they turn, and the two smaller rulers are 
similarly attached to each other, and to the longer rulers. 
A sliding box is placed on each of the arms, a b and c d, 
which may be fixed by a clamp-screw at any part of the 
ruler ; these slides carry a tube, to contain either a blunt 
tracing point, a pencil or pen, or the fulcrum b, which is 
a heavy weight of lead, having a point on the under side, 
to pierce the drawing-board and remain immovable in its 
proper position, it being the centre upon which the whole 
instrument turns. Several ivory castors support the sur- 
face of the machine parallel to the paper, as well as facili- 
tate its motions. 

Two of the arms are graduated and marked with the 
ratios, J, ^, &c., so that when a copy of a plan is required 
to be made in any of these proportions, it is only requisite 
to fix at the required ratio the slides carrying the fulcrum, 
B, and the tube, with a pencil or pen, and the instrument 
will be ready for operation. Thus, suppose it were re- 
quired to make a copy of a plan exactly one-half the size 
of the original ; the slide carrying the pencil, and that 
working on the fulcrum b, are each fixed by their respec- 
tive clamp-screws at the divisions marked -J- ; the original 
plan is placed under the tracing point, and exactly parallel 
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to it is placed a sheet of paper under the pencil, the penta- 
graph being spread out so as to give room for the tracing 
points to be passed over every line on the plan, whilst the 
pencil is making corresponding marks on the copy, which 
it is evident will be equal to one-half the size of the 
original. A fine string is attached to the pencil-holder, 
and passed round by e to o, the tracing point, the pulling 
at which raises the pencil a small quantity above the 
paper, to prevent false or improper marks upon the copy. 
It should also be remarked, that the cup represented on 
the top of the pencil-holder is intended to receive a weight, 
to keep the pencil down upon the paper, or when a 
stronger mark is required. 

When the instrument is set for work, the tracing point, 
the pencil, and the fulcrum must in all cases be in a 
straight line, which may be proved by stretching a fine 
string over them. 

When it is required to make an enlarged copy of a 
plan, the setting of the instrument is precisely the same 
a8 above stated, only the tracing point and pencU must 
change places, the original being placed under d, and the 
copy imder c. But when a copy is to be made of the 
same size as the original, the fulcrum must be placed in 
the middle at d, and the pencil at b, under which will be 
the copy, whilst the original must be placed under the 
tracing point at c. 

The eidograph, which is represented in the accompany* 
ing engraving, is a far superior instrument to the panta- 
graph, being more exact in its work, and not so limited as 
regards ratio of reduction. 

The point of support when the instrument is at work is 
a heavy weight shown at h, from the under side of which 
three or four projecting needle-points fix the instrument 
firmly to the drawing paper. Springing from this weight 
is a short standard or fulcrum, attached to a sliding-box, 
K, in which slides the centre beam, c, and to any part of 
which it may be clamped by means of a clamping screw. 

At the end of the central beam are two pulley wheels, 
J J, the centre pins of which revolve in sockets at the ends 
of the beam. Two steel bands, 1 1, attached to the pulley 
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wheels, give them an exactly simultaneous motion, and 
these bands have a screw aidjustment, k, by means of 
which they may be tightened. 

The arms A and b are made to slide through boxes 
under the pulley wheels, and may be clamped at any pro- 
portion of their lengths in the same manner as the central 
beam, c, may be made to slide and clamp to the box k. 

The arm b carries a tracing point, o, and the arm a 
carries a pencil point, d. The pencil-holder may be 
raised by means of a cranked lever, f, attached to a cord, 
E, which passes over the centre beam, and thence to the 
tracing point, g. 

The two arms and the beam are divided into 200 equal 
parts, which are figured 100 each way from the centre, 
and may be read to 1000th by means of the verniers on 
the slidmg-boxes. 

There is a loose weight which may be attached when 
the instrument has been set, and the object of which is to 
steady it when there is a great difference in the proper- 
tions to which the instrument is being worked. 

It will be observed that the pulley wheels give the 
easiest possible motion ; these wheels should be of exactly 
equal diameter, and as they are turned in a lathe, this 
equality may be obtained to the greatest perfection. 

To bring the instrument into adjustment, let the verniers 
be set to zero, which will bring them to the centres of the 
arms and of the central beam ; place the arms at right 
angles to the beam, as near as you may guess, and make 
a mark with the tracer and pencil point, and turn the 
instrument round so as to bring the pencil point into the 
mark made by the tracer ; by doing this you will make 
the tracer move to the mark previously made by the pencil, 
exactly if the instrument is in adjustment ; if otherwise, 
the error in difference should be bisected, and the adjust- 
ing screws on the band should be moved until the tracing 
point comes exactly into the bisection. 



CHAPTER XIII. 

ELEMENTARY PLAN DRAWING. 

MANAGEMENT OP DRAWING PAPER; MOUNTED PAPER — STRAINING DRAW- 
ING PAPER — STRAIGHT-EDGES — SCALES — DRAWING PENS AND INK — 
G0L0T7RING PLANS. 

There are two kinds of drawing paper used in the pre- 
paration of plans — ^mounted and unmounted ; the mounted 
paper may be purchased of almost any length, sheet after 
sheet of various widths being pasted on linen, or on what 
is called ' union cloth ; ' and it is generally on this paper 
that railway plans are prepared. The paper, however, is 
generally of an inferior quality, and rather thin; for 
plans of a superior quality, where there is much drawing 
or colouring, it is better to order a few sheets of the 
best drawing paper to be mounted at some of the large 
stationery establishments, such as Spottiswoode's, Water- 
low's, Vacher's, or Metchim's, all in Parliament Street ; 
we mention these, because they have great facilities for 
executing an order at once ; the dimensions of the paper 
used for this purpose are generally imperial, 30" X 22" ; 
atlas, 34" X 26 ; double elephant, 40" x 27" ; antiquarian, 
63"x3l". 

Sometimes, however, we are placed in situations where 
we are obliged to mount our paper ourselves ; this often 
occurs abroad. To mount paper on linen or calico, the 
cloth should be laid upon a large smooth board of sufficient 
width and length : the cloth should be damped, and the 
edges should be tacked down to the board, the tacks being 
pretty close together, and care should be taken not to puU 
upon the edges of the cloth ; it should lay on the board 
just flat and smooth. Or we may lay a long flat rule 
about half an inch from the edges of the cloth^ and glue 
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them down to the board, laying on the glue hot and rather 
thick, with a flat brush about a quarter of an inch wide ; 
it is not difficult to do, but requires a little care not to 
strain the cloth ; if it has been damped and laid flat, it 
will lay smoothly on the board. 

Having laid down the cloth, the next operation is to lay 
on strong paste, with a large soft brush ; in doing this, 
do not pml at the cloth with the brush, but work the paste 
well in ; this will not only ensure a better contact with 
the paper, but wiU also prevent the cloth from shrinking. 

The edges of the sheet of paper should be cut very 
straight, and if the paper is thick, the edge of the paper 
at the back may be thinned down with glass paper. The 
sheets of paper may now be laid down on the cloth, the 
sheets overlapping each other by about one-third of an 
inch ; if the paper is large, it will take two persons to lay 
each sheet, and they must take care to lay the paper flat 
without pulling at the sheets. If the paper is thick, it is 
well to let it lay a few minutes after the paste is laid on, 
the sheet will then expand and will dry much smoother on 
the cloth ; if the paper has not been well wetted, it will 
be apt to rise in bladders here and there over the cloth. 

This done, the mounted paper should not be interfered 
with for a day at least, even in a warm climate ; when dry, 
it should be cut off the board, but before it is used, it 
should if possible have a good ventilating, and be exposed 
to the sun, first on one side and then on the other. Fresh 
moimted paper is apt to contract very much. The cloth 
should be at least a couple of inches wider than the paper. 

STRAINING DRAWING PAPER. 

Straining a sheet of drawing paper on a drawing board 
appears one of the most simple things imaginable : but 
a little experience shows that it is not quite so easy as first 
thought. The drawing board should be clean and per- 
fectly smooth, and when we have to produce a plan with 
more care than usual, it is well to examine the sheet held 
up to the light in order to see that it has no flaws. It is 
well to cut the edges of the paper straight and smooth. 
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with the help of a steel straight-edge, and pretty square. 
The best side of the paper is generally that on which we 
can read the water-mark in the comer, and this side 
should be kept for drawing on ; the other side should be 
wetted with a sponge and clean water. We always begin 
wetting the sheet well at the centre at first, and gradually 
damping towards the edges, but we always leave about an 
inch at each edge untouched. When sufficiently damped, 
the paper will begin to bag, and this should be pretty 
equally all over the sheet, but perhaps a little more in the 
centre. As soon as the gloss arising from the damping 
with the sponge has passed ofE, the paper is ready to be 
strained. 

We now require a long flat wooden ruler, a stout piece 
of glue, flat and straight, and a little boiling water. 

We may now turn the paper over on the drawing-board, 
that is, with the wetted side downwards ; do this quietly, 
without straining the paper, which on being turned over 
should be laid with its edges parallel to those of the draw- 
ing-board ; if they do not come so at first, the paper 
should be quietly lifted bodily off, and then laid down so 
that the paper shall lay parallel with the board. 

The flat ruler should now be laid on the paper at about 
half an inch from either of the longest sides, and be gently 
pressed down thereon, so as to hold it firm, but not so as 
though you wanted to press the wood into the paper; 
you may now dip one end of the glue into the boiling 
water, half an inch deep or so, so that it may be partly 
dissolved. 

Beginning at the middle of the edge of the paper, pass 
the moistened glue once or twice along the turned-up 
edge of paper towards one of the ends, the ruler being of 
course held steady ; then pass the glue again moistened 
from the middle oi the edge towards the other end. 

You may now put down the glue and take up an ivory- 
handled knife, or the handle of a stiff paper-knife, or 
something of the kind, and pass it firmly along the glued 
border laid flat to the board, and still working from the 
centre towards either end ; the rule should not be moved 
until this is done. If sufficient glue has been applied to 
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the paper, not too wet and not too thickly, the edge of 
the paper will now adhere flat to the board. 

We may now move the ruler to the opposite longer, 
but not adjacent side, and serve it in the same manner ; 
working from the opposite sides makes the pull on the 
paper when drying square with it ; it would otherwise be 
oblique or askew. Having thus laid down the longer 
opposite sides we take to the shorter ones. 

We have given the above simple instructions as for the 
large-sized paper, double elephant or antiquarian, for 
instance ; and having laid down some hundreds of sheets, 
we know the suggestions are safe, and that by these 
means a large-sized sheet of paper may be laid down in a 
few minutes, to lay as tight as a drum and as smooth as 
water. 

STRAIGHT-EDGES. 

Unless we use the X-square, probably a straight-edge 
is the first instrument we use on sheets of paper, to draw 
long straight lines. Straight-edges are generally made 
of steel, and are generally now what they are professedly 
sold for, that is, straight. When there is any doubt about 
it, one way to test is to lay it on a flat sheet of paper, and 
to draw a long straight fine along one edge ; then turn 
it end for end, and lay it on the line, and see if it coin- 
cides ; then turn over the other side, and try it that way 
on the same line, and again end for end. Repeat the 
same operations by sliding it along the line, three-quarters 
and half -ways. If the line and the edge coincide through- 
out these trials, there is not much to fear. It is just 
possible, however, that the straight-edge may bulge 
inwardly or outwardly, on both sides and equally from 
the centre ; to test this, we may draw the straight-edge 
about half an inch from the line and load it ; we may 
then stretch a fine black silk thread as tightly as it will 
bear, from one end to the other of the line we have 
drawn, and if the two coincide, it will be another favour- 
able test. 

Another way to try them is to take two straight-edges, 
and rest them endways on a table, and bring two edges 
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close together; if any light can be perceived between, 
there is a defect in one of them at least ; they may 
then be turned end for end, and tried in the same way ; 
and then the other side of one of these may be applied in 
the same manner. To test to any purpose in this manner, 
it is necessary that they should stand upright; or one 
may be laid flat on edge and another laid upon it, and we 
may again try and see if the light appears between the 
edges. To try a straight-edge in this way, one of them 
in fact should be straight to our knowledge, and altogether 
we believe that the first method of testing we have de- 
scribed is as good as any, if properly applied. 

In drawing a straight line along a straight-edge, as for 
the base line of a survey or for a datum line, we should 
take care to have a really fine, sharp-pointed pencil ; this 
should be held vertically, as the line is gently drawn with 
the side of the pencil-point close along the straight-edge, 
and without any wavering as the hand moves along from 
end to end of the straight-edge. 

When with a straight-edge perhaps only five feet long, 
we have to draw a line that is to be twenty feet in length, 
more or less, some precautions are necessary. First, draw 
in a line, from end to end of the straight-edge, and turn 
the edffe over to try the line with the other side, then 
draw the straight-edge half along the line and produce it ; 
repeat this ; then test the whole with the silk thread, 
which will be a good check, provided the paper lays flat. 
We may in this manner draw a straight Ime of consider- 
able length ; but this again is a simple operation which 
sometimes requires considerable care. In doing this for a 
datum line, which will not be very far from the lower 
edge of the paper, we should, after determining the dis- 
tance of one end of the line from the edge, say three 
inches, lay off this distance from the edge of the paper 
at about every foot in length. This will serve for the 
general direction of the line, and prevent our running the 
risk of drawing the line much too high up one side of the 
paper ; we refer here to very long lines. 
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SCALES. 

Scales are measures with which we lay off the lengths 
of lines, or measure them on paper. They are made 
of ivory or boxwood, the first being certainly the neatest, 
and also the best where the divisions are small, say sixty 
to the inch. We have lately tried some made of ebonite, 
on which the divisions are shown in white, on black of 
course, instead of black on white or light yellow. We 
have every reason to be satisfied with them, as we find the 
divisions, as might be expected, read very much clearer 
than on the ivory or boxwood ; this is a very great com- 
fort, particularly for working at night or on dull days. 

The ordinary divisions on scales are 1, 2, 3, 4, 5, 6, 8, 
10, main divisions to the inch, and these are, for chain 
scales, termed 1, 2, 3, 4, &c., chains to the inch; these 
divisions are all marked in numerals, which read 1, 2, 3, 4, 
&c., chains to the inch ; and the chain may be 100 feet 
or 66 feet ; we have referred to this in our first chapter. 
But these main divisions are subdivided into ten, and each 
of these reads 10 feet or 10 links of Gunter's chain ; this 
at once shows the necessity of writing in on a plan, from 
the first day of plotting, the scale used, and whether it 
is in feet or links, the latter being a measure, as an engi- 
neering one, which probably we shall be rid of some of 
these days. 

These same scales, however, may be made to read in 
another way, and that is 1, 2, 3, 4, 6, 8, 10 feet to the 
inch, in which case each subdivision will show the tenth 
part of a foot. 

And again the same scales may be used for drawing in 
work, at 10, 20, 30, 40, 50, 60, 80, and 100 feet to the 
inch, in which case each subdivision will read one foot. 

In laying off a length along a line with a scale, it is 
always well to check, byapplying the scale, so that it 
shall read backwards. We advise the beginner always 
to do this ; it is a simple check, and may prevent his 
spoiling a week's, or even a month's, work. The writer 
is not a beginner, but it is a precaution which he always 
adopts. 
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DRAWING PENS AND INK. 

Lines are drawn first in pencil, and then generally in 
Indian ink with drawing pens ; of these the draughtsman 
should have three or four, of different sizes, and of 
different thickness of nib, to draw different thickness of 
lines. The best drawing pens are made jointed, so that 
by unscrewing the nibs, the inside of a pen may be wiped 
clean. In drawing lines with a drawing pen it should 
always be held vertically. A very fair way to begin learn- 
ing how to use a drawing pen is to draw one hundred 
parallel lines about 18 inches or 2 feet long, in the 
breadth of an inch, and so that when seen at a little dis- 
tance, there should only be one shade of grey ; if the 
work looks darker in some places than in others, it is 
because the lines are there too thick. 

The Indian ink used in drawing should be tolerably 
thick, but this can only be understood by a little experi- 
ence ; it is, however, soon learnt ; the lines shoidd be 
dark, however fine, and not pale. When grinding up 
Indian ink, do not be afraid of having a little too much, 
and when at work, always keep your ink covered with a 
saucer, it prevents its becoming dusty, and getting thick 
and muddy. Keep your paper clean ; do not touch it 
with the hands more than you can help, as the hand 
makes the paper greasy, more particularly in hot wea- 
ther, and you will never get clean sharp Imes when once 
the paper has acquired this defect. Do not use India- 
rubber more than is absolutely necessary, as this makes 
the paper 'fluffy.' If after working some time you 
find the ink does not run freely from the pen, you may 
amend this by passing a slip of paper between the nibs. 

In drawing with pen and rule, keep your pen upright, 
and sufliciently against the edge of the rule as to be 
guided by it, but not pressing against the edge, as this 
will produce wire-drawn lines, that is, of imequal thick- 
ness, and with a wabbling appearance. Begin inking in 
over your pencil lines by working from the top of the 
paper towards the bottom ; this will prevent your running 
the risk of smearing your work. 
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£eep your pens and drawing instroments so that they 
will not get knocked about ; it is easier to spoil a drawing 
pen than it is to mend it ; keep your stick of Indian ink 
so that it will not get ' smudgy * or greasy. 

In plan drawing, the lines of buildings are drawn in 
with the drawing pen and rule ; lines of fences, roads, 
rivers, &c. are drawn in with the drawing pen by hand 
over the pencil line, that is, without the help of the 
rule; the banks of little brooks, where neatness is re- 
quired, are best drawn in with the lithographic steel 
crow-quill. 

COLOURING PLANS. 

We wish now to say a few words about colouring plans. 
It is true that this in no way affects the accuracy of a 
plan, but it is equally true also that it looks well, that it 
pleases, and shows that the draughtsman has taken pains 
with his work. We have known a case where a wealthy 
landowner stopped the survey of an extensive estate 
which he had ordered, simply because the plan looked 

ugly. 

The colours used for plan drawing are principally the 
following : Indian yellow, gamboge, yellow ochre, burnt 
sienna, cobalt blue, and Prussian blue, carmine or lake, 
neutral tint or Payne's grey, and olive green. Hooker's 
green, and one or two more. 

These tints of green are very convenient, particularly 
when large areas are to be coloured in one tint. With 
cobalt blue or Prussian blue mixed with either Indian 
yellow, gamboge, or burnt sienna, we may produce almost 
any number of tints of green, but if any of these are 
thrown away, and again wanted afterwards, it is very 
diflSicult to reproduce the tints exactly. 

By mixing any blue, red, and yellow, in different pro- 
portions, we may produce a great number of neutral tints, 
but the same observation holds with regard to them as 
with regard to the greens. We prefer mixing those 
colours where we want to produce reliefs, as, for instance, 
in foliage or cliffs. 
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Pasture and meadow lands are coloured green, using a 
different tint for each, and another for water meadows, or 
irrigated lands, introducing a little cobalt or Indian blue, 
according to whichever produces the most agreeable tint ; 
these little matters can only be ascertained by trials and 
laying one tint alongside of another. 

Arable lands are shown either with yellow ochre or 
burnt sienna, the furrows being shown by parallel lines, 
every third of which should be stouter than the other 
two ; these lines should not be drawn by rule, but by 
hand. 

Water in rivers, lakes, ponds, or the sea is shown in 
cobalt, softened off with water at the edge, and then 
picked out with Prussian blue along the shore lines by 
means of a fine-pointed brush. These two colours are 
all that are required to produce the best effects for water, 
but nothing but practice and a little taste will enable the 
student draughtsman to acquire a correct way of handling 
the subject. 

Some fair samples of foliage are shown in some of the 
plates accompanying this volume, but they are in black 
and white. Where trees are to be produced in colour, 
one of the first things to do after they have been drawn in 
pencil is to get in the shadows in grey or cobalt, using 
the same colour for the first shadows in the foliage ; the 
lights may then receive a touch or two of gamboge, or 
burnt sienna, and then the greens may be got in ; finally, 
we may pick out here and there with Prussian blue ; of 
course different tints are to be used for trees that differ 
most in colour, and if the point of the brush is handled 
nicely, some of the characteristics of different foliage may 
be obtained. 

To produce the effect of marsh land, two brushes should 
be used on one stick, the one with green and the other 
with blue ; and these should be used so that at the edges 
one colour should rim gently into the other, but without 
producing a patch. 

Beads are coloured in burnt sienna, shaded with the 
same, and the shadow softened off towards the centre of 
the road. 

Q 



^26 COLOURING PLANS. 

A great deal of efleet may be displayed in some of the 
cliffs ; oolites, and such like, may be shown with yellow 
ochre picked out with burnt sienna, and a little neutral 
tint for shadows. 

The red sandstones may be got out best with Indian 
red and cobalt. 

Gravels and the lower greensand may be shown with 
burnt sienna and a little neutral tint, and chalk cliffs may 
be represented by white, shaded with a neutral tint, which 
may be made up of cobalt, lake, and gamboge ; mixed in 
different proportions, these will produce any variety of 
neutral tint. 
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ADJUSTMENT of box sextant, 
82 
Adjustment of cradle theodolite, 95 
of Everest's theodolite, 
107 

of the sextant, 109 
Angles, chain, 41 

to survey large enclosure 
by, 42 

levelling by, 146 
Arrows used in surveying, 3 
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BASE lines of a survey, laying 
out the, 49 
Base scale of omnimeter, 104 
Bases of extensive surveys, laying 

out the. 49 
Bases, setting out, in harbour and 

coast surveying, 168 
Bearings, to plot, 74 

,, various, list of, 74 
Boning out chain lines, 7 
Box sextant, the, 79, 86 

adjustment of, 82 
how to use, 81 
Ordnance pattern, 85 
Buoys for harbour and coast sur- 
vt*ying, description of, 167 

CANALS and irrigations, ex- 
ploring for, 142 
Chain angles, 41 

inaccessible distances mea- 
sured by, 46 

leader and follower of, 12 
Chain lines, laying out, 40 
,, stations of, 20 
surveying, 57 
surveying estate with, 57 
testinfl^, 62 
Chains used m surveying : — 
(runter's chain, 1 
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Chains used in surveying : — 
The 100-ft. chain, 2 
Decametre chain, 2 
Chaining, 11 

on hilly ground, 17 
operations, detcdls of, 13 
and offsetting, a first 
lesson in, 37 
ChaJnmen, instructions to, 9 
Circular protractor, 110 

„ ,, objections to, 

112 
„ ,, use of, 111 

Circumferenter, 77 
Cliff and shore lines, 54 
Clinometer compass, 73 
Coast and harbour surveying, 1 65 
Colouring plans, 224 
Collimation, line of, 94 

„ of transit theodolite, 9 7 

Compass, clinometer, 73 
,, prismatic, 70 
„ surveying, 74 
Contraction of paper, 61 
Cradle theodolite, 90 
Cross staff, 69 

Current meter, illustration of, 209 
Currents, tidal, set and velocity of 
the, 171 

DAY'S work, plotting the, 59 
Decametre chain, 2 
Discharges, theoretical, of weirs or 

overfalls, 200 
Distances, inaccessible, 46 

„ instructions for measur- 
ing, 46 
Ditch and fence, 45 
Drawing paper for plans, 217 
,, „ straining, 218 

Drawing pens and ink, 223 
Drawing plan, elementary, 217 
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ECKHOLD'S omnimeter, 100 
„ method of operating 

with, 103 
Eidograph, the, 213 
Estate Burveying with chain only, 

instructions for, 57 
Estates, surveys of, 57 
Everest's theodolite, 106 

„ „ adjustment of, 

107 
Example of surveying by theodo- 
lite, 128 
Examples of a traverse, 159 

„ of plotting by tables, 
161—164 
Exploration surveys, instructions 

for making, 139 — 151 
Extensive surveys, setting out base 
lines of, 49—56 

FENCE and ditch, 45 
Field-book, the, 22—25 
Field-book, details respecting, 23 
„ orderly systems in keep- 
ing, 26 
Field and office practice, 68 
Field work, application of trigono- 
metrical rules to, 119 
Floats, illustration of, in harbour 

and coast surveying, 172 
Float trials, to tabulate results of, 

177 
Flow of water over notches, 188 — 
200 

GAUGE, rain, 186 
Gaugins: by overfalls or weirs, 
rules for, 194—200 
Gathering ground, 200, 201 
Gauging, stream, 188 — 200 
Geometrical memoranda, 115 — 117 
Grounds, gathering, notes on, 201 
Gunter's chain, 1 

HALY*S compass clinometer, 73 
Harbour and coast surveying, 
165—185 
Hills and watercourses, exploring, 

144 
Hilly countries, tracing levels in, 147 
Hilly ground, chaining on, 17 
Holding ground, testing, in harbour 
and coast surveying, 184 



Hewlett's protractor, 112, 113 
Hundred-feet chain, the, 2 

ILLUSTRATIONS :— 
J. Box sextant, 80 

Circular protractor, 110 
Cradle theodolite, 91 
Current meter, 209 
Eckhold's omnimeter, 101 
Eidograph, 214 
Everest's theodolite, 107 
Floats in harbour and coast 

surveying, 172 
Haly's compass clinometer, 

73 
Hewlett's protractor, 112, 113 
Pantagraph, 212, 213 
Planimeter, 210 
Plungers for testing holding 
ground in harbour and coast 
surveying, 186 
Pointer, station, 170 
Prismatic compass, 71 
Sextant, 109 

Stanley's new protractor, 114 
Transit theodolite, 99 
Inclinometer, 17 

„ sextant, setting levels 

with, 149 
Ink and pens, drawing, 223 
Instruments, engineering surveys 

with, 137 
Instruments, office, 110 

,, surveying, 69 — 114 

Instructions to chainmen, 9 
Irrigations and canals, exploring 
for, 142, 143 

LAND quantities, 210 
Laying out base lines of a 
survey, instructions for, 49 — 56 

Laying out chain lines, 40 

Leader and follower of chain, 12 

Lessons, first, in chaining and off- 
setting, 37 

Levelling by angles, 146 

Levels, setting with sextant in- 
clinometer, 149 

Levels, tracing in hilly countries, 
147 

Line of collimation, 94 

Lines, base, of a survey, laying 
out, 49—56 



INDEX. 



229 



Lines, cliff and shore, 54 
tie, 41 
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MEASURING inaccessible dis- 
tances, instructions for, 46 
Measuring over rough country, 151 
Memoranda, geometrical and tri- 

gonometrical rules, 115 — 117 
Meter, current, 209 

NOTCHES in overfalls and weirs, 
form of, 189—193 
Notes on gathering grounds, 201 
,, on use of rain-gauges, 207 

OBSERVATIONS off shore in 
harbour and coast surveying, 
165 
Observations, tidal, 181 
Office and field practice, 68 
Office instruments, 110 
Office work, 210 
Offsets, 18 

„ details for taking, 19 
Offsetting and chaining, 35 
Omnimeter, Eckhold's, 100 

base scale of, 104 
form of field-book for, 
106 
Omnimeter, method of operating 

with Eckhold*s, 103 
Optical square, 70 
Ordnance pattern box sextant, 85 
Overfalls, forms of notches in, 189 
gauging by, rules for, 194 
theoretical discharges of, 
200 
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PANTAGRAPH, the, 212, 213 
Paper, contraction of, 61 

Paper, drawing, for plans, 217 
„ ,, straining, 218 

„ „ mounted, 218 

Pens and ink, drawing, 223 

Plan drawing, 217 

Planimeter, the, 210, 211 

Plans, colouring, 224 

Plot, to, bearings, 74 

Plotting day's work, 59 

Plotting traverse work by tables, 
159 

Plotting work, 29 

with protractor, 134 
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Plungers for testing holding ground 
in harbour and coast surveying, 
185 

Pointer, the station, 170 

Poles, setting out lines with, 8 

Poles and ranging rods, 3 

Practical trigonometry, 118—123 

Pricking out chain lines, 7 

Prismatic compass, 70 

Protractor, circular, 110 

objections to, 

112 

use of. 111 

Howlett's, 112 

Stanley's new, 

113, 114 
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QUADRANT, the tracing, 148 
Quantities, land, 210 

RAILWAY surveying, 137 
Railway surveying with chain, 
63 
Rain-gauge, 186 

„ notes on use of, 207 

Ranging rods and poles, 3 
Rivers and streams, velocities of, 

208 
Road surveying, 137 

„ „ with chain, 63 

Rules for gauging by overfalls, 195 
„ trigonometrical, 115 

of practical trigonometry, 120 
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ft 
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SCALE, base, of omnimeter, 104 
Scales, 222 
Sextant, the 109 

box, 79—86 
„ adjustment of, 82 
„ how to use, 81 
„ „ Ordnance pattern, 8 5 

Setting up theodolite, 124 
Setting out witli theodolite, 126 
Shore and cliff lines, 54 
Sketch illustrating chaining and 

offsetting, 36 
Sketch of offsets, 18 
Soundings in harbour and coast 
surveying, 169 
,, reducing, 178 

Square, optical, 70 
Staff, cross, 69 
Stanley's new protractor, 113, 114 
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Station-pointer, 170 

Stations, cautions in respect of, 20 

,, of chain lines, 20 
Stutions^ how made, 20 
•* Stepping," 16 
Straight-edges, 220 
Stream gauging, 188 — 200 
Streams and rivers, velocities of, 

208 
Studies, first, suggestions for, 44 
Survey, to, on one line two fields, 
26 

large enclosure by chain 
angles, 42 

with chain a large enclo- 
sure, 28 
Surveying, arrows used in, 3 

application of trigono- 
metry to, 115 
compass, 74" 
chain, 57 

harbour and coast, 165 
—185 

harbour and coast, ob- 
servations offshore, 165 
instruments, 69 
railway, 137 
railway and road with 
chain, 63 
theodolite, 124 
with theodolite, ex- 
ample of, 128 
traverse, 154 — 164 
traverse, definition of, 
164 
Surveys, engineering, with instru- 
ments, 137 
of estates, 58 
exploration, 139 ' 
exten(>ive, setting out 
bases of, 49 
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TESTING chain, 62 
„ work, 29 
Theodolite, the cradle, 90 
Everest's, 106 
setting out with, 126 
setting up, 124 
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Theodolite, transit, 97 

transit, coUimation of, 
97 

surveying, 124 
surveying, example of, 
128 
ITieodolites, 90 
Tidal currents in harbour and coast 

surveying, 171 
Tidal observations in harbour and 

coast surveying, 181 
Tie lines, 41 
Transit IJieodolite, 97 
Traverse, examples of a, 159 
surveying, 154 — 164 
surveying, definition of, 
154 

Trigonometrical rules, 115 
Trigonometry, application of to 

field-work, 119 
application of to 
surveying, 115 
practical, 118 
rules of practical, 
120 
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VELOCITIES of streams and 
rivers, 208 
Verniers, 86—89 

to use, 87 
reading, 89 
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WATER, flow of, 186—209 
Watercourses and hills, ex- 
ploring, 144 
Watercourses and hills, tracing, 

145 
Waterworks supply, 186 
Weirs, discharge over, 200 

,, notches for, 189—193 
Wells' apparatus for judging dis- 
tance, 152, 153 
Work, plotting, 29 

,, plotting day's, 59 
,. testing, 29 
Whites, ground selected for setting 

up, 6 
Whites, use of, 6 
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THE MECHANICAL ENaiNEER'5 POCKET-BOOK. 

Comprisinff Tables, Formube, Rules, and Data : A Handy Book of Reference 
for Daily iJse in Engineering Practice. By D. Kinnbar Clark, M. Inst. C.E., 
Fifth Edition, thoroughly Revised and Enlarged. By H. H. P. Powlbs, 
A.M.I C.E., M.LM.E. Small 8vo, 700 pp., bound in flexible Leather Cover, 
rounded comers. [/ust Published. Net 6/0 

Summary of Contents :— Mathematical Tables.— mbasurbmbnt op surfaces 
and solids.— english weights and measures.— french metric weights and 
MEASURES.— Foreign Weights and Measures.— Moneys.— Specific Gravity, 

WEIGHT, AND VOLUME.— MANUFACTURED METALS.— STEEL PIPES.— BOLTS AND NUTS.— 
SUNDRY ARTICLES IN WROUGHT AND CAST IRON, COPPER, BRASS, LEAD, TIN, ZiNC.— 
STRENGTH OF MATERIALS. — STRENGTH OF TIMBER.— STRENGTH OF CAST IRON.— 

STRENGTH OF WROUGHT IRON STRENGTH OF STEEL.— TENSILE STRENGTH 0> COPPER, 

I..EAD, &C— RESISTANCE OF STONES AND OTHER BUILDING MATERIALS.— RIVETED JOINTS 
IN BOILER PLATES.— BOILER SHELLS.— WIRE ROPES AND HEMP ROPES.— CHAINS AND 

CHAIN Cables.— FRAMING.— Hardness of Metals, alloys, and Stones.— Labour of 
ANIMALS.— Mechanical Principles.— GRAvrrv and fall of bodies.- accelerating 

AND retarding FORCES.— MILL GEARING, SHAFTING. &C.— TRANSMISSION OF MOTIVE 
POWER.— HEAT.— COMBUSTION: FUELS.— WARMING, VENTILATION, COOKING STOVES.— 

STEAM.— Steam Engines and Boilers.— Railways.— Tramways.— steam Ships.— 
PUMPING Steam Engines and Pumps.— Coal Gas, Gas Engines, &c.— air in Motion. 
—Compressed air.— hot Air Engines.— Water power.— Speed of Cutting Tools. 
—Colours.— Electrical engineering. 

" Mr. Clark manifests what Is an Innate perception of what Is Hleely to be useful In a pocket- 
book, and he is really unrivalled in the art of condensation. It is very difficult to hit upon any 
mechanical engineenng subject conoerninf which this work supplies no information, and the 
excellent index at the end adds to its utilirv. In one word, it is an exceedin^rly handy and efficient 
tool, po s sessed of which the engineer will be saved many a wearisome calculation, or yet more 
weuiaome hunt through various text-books and treatiaes, and, as such, we can hMirtily recommend 
It to onr readeis."— 7m« Engi$ieer. 

**It would be found difficult to comprasc more matter within a similar compass, or produce a 
book of TOO pajBres which should be more compact or convenient for pocket veferenee. . . . Will 
be appreciatedby mechanical engineers of all classes."- /VikAoi^ Bnii$teer. 
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THE W0RK5' MANAGER'S HANDBOOK. 

Comprising Modern Rules. Tables, and Data. For Engineers, Millwrights, 
and Boiler Makers ; Tool Makers, Machinists, and Metal Workers ; Iron ano 
Brass Founders, &c. By W. S. Hutton, Civil and Mechanical Engineer, 
Author of "The Practical Engineer's Handbook." Sixth Edition, carefully 
Revised, and Enlarged. In One handsome Volume, medium 8vo, strongly 
bound .»••..,...... Ifi/O 

B9^ Thi Author having compiUd RuUs and Data /or hh own uu in a gt§at 
varitty of modtm tttginstrin^ work, and havinf; found hu notss txtrtmely ustful, 
dsddsd to publish th§m — r§vutd to dots — btlitvmg that a practical work, suitta to 

tht DAILY ■BQUIKSMBNTS OP MODBKN BNGINBBKS, WOuld 04 faVOUrobly rtCSivtd. 

" Of this edition we may repeat tlie apmedative ramarlcs we made upon the first and third. 
Since the appearance of the latter very considerable modifications have been made, although the 
total number of pages remains almost the same. It is a rery usefid colle c tion of rules, talda, and 
workshop and dfrawing ofiice data."— TVw Bngimur, May to, 1895. 

" The author treats every subject from the point of view of one who has collected woriahop 
notes for application In workshop practice, rather than from the theoretical or literary aspect. The 
volume contains a great deal of that kind of information which is 'gained only by practical experience, 
and is seldom written in hooki."— The Sngitutr, June 5, 1885. 

" The volume Is an exceedingly useful one, brimful with engineer's notes, memoranda, and 
vnles, and well worthy of being on every mechanical engineer's bookshelf"— iAcAaMica/ Witrld. 

" The information is precisely that likely to be required in practice. . . . The work forms 
a desirable addition to the library not only of the wencs' manager, but of any one connected with 
general engineering."— Af<»^»v youmoL 

" Bruoful of useful information, stated In a concise form, Mr. Hutton's books have met a 
pressing want among engineers. The book must prove extremely useful to every practical man 
poisesflng a copy."—J*rctcHcai Enginur, 

THE PRACTICAL ENQINEER'5 HANDBOOK. 

Comprising a Treatise on Modem Engines and Boilers, Marine, Locomotive, 
and Stationary. And containing a large collection of Rules and Practical 
Data relating to Recent Practice in^ Designing and Constructing all kinds of 
Engines, Boners, and other Engineering work. The whole constituting a com* 
prehensive Key to the Board of Trade and other Examinations for Certificates 
of Competency in Modem Mechanical Engineering. By Walter S. Hutton, 
Civil and Mechanical Engineer, Author ot " The Works' Manager's Handbook 
for Engineers," &c With upwards of 400 Illustrations. Sixth Edition, 
Revised and Enlarged. Medium 8vo, nearly 560 pp., strongly bound. 1 8/0 

^f^ This Work is dnigntd as a companion to thi Author's "Works' 
Manager's Handbook." It fi>ss$ssts many ntw and original ftatures, and con- 
tains, liki its predtcsssor, a quantify of matter not originally inttnded for publication 
6w< colUcttd by ths Author for his own uss in ths construction of a grtat varitty of 
Modern Engineering Work. 

Tht informoHon is givtn in a condtnstd and eoncist form, and is illustrattd by 
upwards of 490 Engravings ; and comprists a quantity of tabtUattd matttr of grtat 
valut to all tngagtd in dtstgning, constructing, or tstimating for Engines, Boilers, 
and OTHKR Engineering Work. 

"We have kept It at handler several weeks, referring to it as occasion arose, and we have not 
on a single occasion consulted its pages without finding the information of which we were in quest." 

"■AtJutUgUIH. 

" A thoroughly good practical handbook, which no engineer can go through without learning 
something that will be of service to \am."—/liaritu EngiMeer. 

" An excellent book of re f erence for engineers, and a valuable text-book for students of 
ma^eotia^." —Scotsman. 

" This valuable manual embodies the results and experience of the leading authorities on 
mechanical engineering."— i7M«Aft»^ News. 

" The author has collected tc^fether a surpriiring quantity of rules and practical data, and has 
thown much judgment in the selections he has made. . . . There is no doubt that this book is 
one of the most useful of Its kind published, and will be a very popular compendium."— ^M^rnMr. 

" A mass of information set down in simple language, and in such a form that it can be easily 
refBired to at any time. The matter is uniformly good and weD chosen, and is greatly elucidated 
\ry the illustrations. The book will find its way on to most engineers' shelves, where it will rank as 
one of the most useful books of reference."— '/VwcOfee/ Engineer. 

** FuU of useful Infermatlon, and should be found on the office dielf of all practical engineers 
^^ngrUsh Meekanie, 
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STEAM BOILER CONSTRUCTION. 

A Practical Handbook for Engineers, Boiler-Makers, and Steam Users. 
Containing a large Collection of Rules and Data relating to Recent Practice 
in the Design, Construction, and Working of all Kinds of Stationary, Loco- 
motive, and Marine Steam-Boilers. By Walter S. Hutton, Civil and 
Mechanical Engineer, Author of "The Works' Manager's Handbook," "The 
Practical Engineer's Handbook," &c. With upwards of 500 Illustrations. 
Fourth Edition, carefully Revised, and Enlarged. Medium 8vo, over 680 pages, 
cloth, strongly bound. [Just Publishtd. 1 8/0 

B^** This Work is issued in cotUinuation of th$ Ssties of Handbooks writUn 

S' ths Author,vix. ;— "Thb Works' Manager's Handbook " and " The Practical 
nginbbr's Handbook," which ar$ so highly appredaUd by tngineers for tht 
practical nature of their information ; and is consequently written in the same style 
as those works. 

The Author believes that the concentration, in a convenient form for easy 
reference, of such a large amount of thoroughly practical informatum on Steam- 
Boilers, will be of considerable service to those for whom it is intended, ami he trusts 
the book may be deemed worthy of as favourable a reception as has been accorded to 
its predecessors. 

** One of the best, if not the best, books on boQers that has ever been published. The infor- 
madon is of the rif^ht kind, in a simple and accessible form. So far as j^reneration is concerned, this 
is, undoubtedly, the standsu-d book on steam practice."— Bltctrical Rfview. 

" Every detail, both in boiler design and management, is clearly laid before the reader. The 
volume shows that boiler construction has been reduced to the condition of one of the most exact 
sciences ; and such a book is of the utmost value to Vxefin tU siicU Engineer and Works Manager." 
^■Marine Engineer. 

" There has long been room for a modem handbook on steam boQers ; there is not that room 
now, because Mr. Hutton has filled it. It is a thoroughly practical book for those who are occupied 
in the construction, design, selection, or use of \Kfixx&."— Engineer . 

" The book is of so important and comprehensive a character that it must find its way into the 
libraries of every one interested in boiler using or boiler manufacture if they wish to be thoroughly 
informed. We strongly recommend the book for the intrinsic value of its contents."— ilfacA(>*«ry 
Market. 

PRACTICAL MECHANICS' WORKSHOP COMPANION. 

Comprising a great variety of the most useful Rules and Formulae in Mechanical 
Science, with numerous Tables of Practical Data and Calculated Results for 
Facilitating Mechanical Operations. By William Templbton, Author of 
" The Engineer's Practical Assistant," &c., &c. Eighteenth Edition, Revised, 
Modernised, and considerably Enlarged by Walter S. Hutton, C.E., Author 
of "The Works' Manager's Handbook, '^ "The Practical Engineer's Hand- 
book," &c. Fcap. 8vo, nearly 500 pp., with 8 Plates and upwards of 250 lUus* 
trative Diagrams, strongly bound for workshop or pocket wear and tear . 6/0 

" In its modernised form Hutton's ' Templeton ' should have a wide sale, for it contains much 
valuable information which the mechanic will often find of use, and not a few tables and notes which 
he might look for in vain in other works. This modernised edition will be appreciated l^ all who 
have Earned to value the original editions of ' Templeton.'" — English Mechanic. 

" It has met with great success in the engineerinjg workshop, as we can testify ; and there are 
a great many men who, in a great measure, owe their rise in life to this little \xxlk,"-^Bttildii^[ 
News. 

" This familiar text-book — well known to all mechanics and engineers — ^is of essential service 
to the every-dav requirements of engineers, millwrights, and the various trades connected with 
engineering and building. The new modernised edition is worth its weight in gold."— ^m*^^ 
News. (Second Notice.) 

" This well-known and largely-used book contains information, brought up to date, of the 
sort so us«^l to the foreman and draughtsman. So much fresh information has been introduced as 
to constitute it practically a new book. It will be largely used in the office and workshop."— 
Mechanical fVorld. 

" The publishers wisely entrusted the task of revision of this popular, valuable, and useful 
book to Mr. Hutton, than whom a more competent man they could not have found."— /r^w. 



ENQINEER'S AND MILLWRIGHT'S ASSISTANT. 

A Collection of Useful Tables, Rules, and Data. By William Templbton. 
Eighth Edition, with Additions. xSmo, cloth 2/8 

"Occupies a foremost place among books of this kind. A more suitable present to an 
apprentice to any of the mechanical trades could not possibly be made." — Building News. 

" A deservedly popular work. It should be in the 'drawer' of every mechanic."— fN^^/irA 
Meehtmie. 
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THE MECHANICAL ENGINEER'S REFERENCE BOOK. 

" For Machhif nd BoOcr Conttractioa. In Two Parts. Fnt I. Gcmkbal 
EMcnimmtG Data. Pttt II. Boils* CoitSTmocnoM. With 51 Plates and 
mmwrous lUnstrations. By Nklson Folbt, 1I.I.N.A. Second Kdhioa, 
Revised thsaotCfuaat and mncfa Enlarged. Folio, half-boond . Het £8 8«« 

PART L— MHASUKBS.— CmCUMFBKENCFS AND AKRAS. Ac. SgUASBS, CUBBS. 
POintTH POWBKS.>^UAItB AND CUBB ROOTS.— SURFACE OF TUBB&— RBCIPKOCALS.^ 

LocaIuthms.'-Msnsuratiom.— Specific gravities and wbight&— work and 
Power.— Hrat.— Combustion.— Expansion and Contraction. —expansion of 
Gasbsw— Steam.— Static Forces.— gravitation and attraction.— motion and 
Computation or resulting forces.— accumulated work.— Centre and radius 
or Gyration.— Moment of Inertia.— Centre of Oscillation.— Electricity.— 

STRENGTH OF MATERIALS.— ELASTICITY.-TBST SHEETS OF METAL&— FRICTIOM.— 

Transmission of power.- flow of Liquids.— flow of Gases.- air Pumps, surfacb 
ccmtdbnsers, &c.— speed of steamships.— propellers.— cutting tools.— flanges, 
-icopper sheets and tubes.— screws. nuts. bolt heads. ac.— various recipes 

AND MISCELLANEOUS MATTER.— WITH DIAGRAMS FOR VALVB^EAR. BELTING AND 
ROPBS. DISCHARGE AND SUCTION PIPES. SCREW PROPBLLBRS, AND COPPER 



PART II.— TRBATINC OF POWBB OF BOILERS.— USEFUL RATIOS.— NOTES OH 

construction. — cylindrical boiler shells. — circular furnaces. — flat 
platbs.— stays. — girders.— scrbws. — hydraulic tests. — riveting. — boilbr 
Sbtitng. Chimneys, and mountings.— fuels. &c— examplbs of boilers and spebds 
OP Steamships.— Nominal and normal Horse Power.— with diagrams for all 
BonjBR Calculations and drawings of many Varibtibs of boilers. 



** Mr. VtAtj te wcO fitted to compile nch a wock. The cBagmu ate a ffieat leataie of the 
woifc. It majr be Mated that Mr. Foley hat pradnced a Tofaune which win undoabtedljr fulfil the 
deriie of the author asd become tatdbpeambiii to aB mechanical Hmiimii."— itonfri^ Engineer. 

** We have canluIlT eyamfaied tfaia work, and pronoonce It a moat wTfcilMit lefaience book 
for the uae of mailne engineen."— yinvrMo/ tff American Seeitty »/Navml Eng ii ut rs . 

TEXT-BOOK ON THE 5TEAM ENQINE. 

With a Sopplement on Gas Enginbs and Part II. on Hkat Bngimbs. By 
T. M. GoouEVB, M. A., Barrister-at-Law. Profeaaor of Mechanics at the Roral 
College of Science, London ; Author of "^The Principles of Mechanics," " The 
Elements of Mechanism, "&C. Fourteenth Edition. Crown 8 vo, cloth . 6/0 

*' ProfeMor Goodeve hat given us a treatise on the iteam engine which will bear compailaaa 
witb anythiiur written bjr Huxlejr or MaxweO, and we can award k no higher ptatae."- £fvf«Mrr. 

" Mr. Goodeve's text-book is a work of which every young engineer should possess himself." 
—Mining Jcumal. 

ON OAS ENGINES. 

With Appendix describing a Recent Engine with Tube Igniter. By T. M. 

GooDBVB, M.A. Crown 8vo, cloth 2/6 

** Like afl Mr. Goodeve's writings, the present Is no ezceptioa In point of geoeial eixellanoe. 
It Is a vahiaUe little ytAmam." -^Mechanical WprUL. 

QA5 AND OIL ENGINE MANAQEMENT. 

A Practical Guide for Users and Attendants, being Notes on Selection, 
Construction, and Manag<rment. By M. Powis Bale, M.I M.E., A.M.I.C.E. 
Author of '* Woodworking Machinery," &c. Crown 8vo, cloth. 

\Ju*t Published, Net 3/6 

THE OAS-ENOINE HANDBOOK. 

A Manual of Useful Information for the Designer and the Engineer. By E. W. 
Roberts, M.E. With Forty Full-page Engiavings. Small Fcap. 8vo, leather. 

ii*i 8/6 

A TREATISE ON STEAM BOILERS. 

Their Strength, Construction, and Economical Working. By R. Wilson, C.K. 

Y\\\\i iLdition. lamo, doth 6/0 

*' The best treatise that has ever been published on steam boilers."— J?f^ff/»r. 

THE MECHANICAL ENGINEER'S COMPANION 

of Areas, Circumferences, Decimal Equivalents, in inches and feet, millimetres, 

auares, cubes, roots, &c. ; Strength of Bolts, Weight of Iron, &a ; Weights, 
easures, and other Data. Also Practical Rules for Engine Proportions. By 
R. Edwakds, M.Inst.C.E. Fcap. 8vo, cloth. 8/6 

**A Tory useftil little Tolume. It contains many tables, rla^sHieil data and memonuida 
geneially uaeAil to engineers."— ^Myr^wocr. 

"What It proisaNS to be, ' a hamhr office companion,' giving In a socdnct fbnB, a variety of 
Information Ukuy to be required by mechanical engineers In (hdr everyday office work."— Aen*rc 
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A HANDBOOK ON THE 5TEAM BNOINE. 

MTith especial Reference to Small and Medinm-siaed Engines. For the Use of 
Engine Makers, Mechanical Draughtsmen, Engineering Students, and users 
of Steam Power. By Herman Habder, C.E. Translated from the German 
with additions and alterations, by H. H. P. Powlbs, A.M.I.C.E., M.I.M.E. 
Third Eklition, Revised. With nearly x,zoo Illustrations. Crown 8vo, 
cloth IVet lie 

** A perfect encydonaedia •/ the steam enffine and its details, and one wliicb must take a per* 
man sat place in Englidi drawing-offices and workshops."—^ Fortman PrntUm-tneUter. 

" This is an excellent book, and should be in the hands of all who are interested in the con. 
str action and design of medium-sized stationary engines. ... A careful study of its contents and 
the arrangement of the sections leads to the conclusion that there is probably no other book like It 
in this country. The volume aims at showing the results of practical experience, and it certainly 
may claim a complete achievement of this idoA."— Nature. 

" There can be no Question as to its value. We cordially commend it to all concerned in the 
design and construction ot the steam engine." — Mec/tanica/ IvorlcL, 

BOILER AND FACTORY CHIMNEY5. 

Their Draught-Power and Stability. With a chapter on Lightning Condncton, 
By Robert Wilson, A.I.C.E., Author of " A Treatise^>n Steam Boilers," &c. 

Crown 8vo, cloth 3/6 

A TaiuaUe contribution to the literature of scientific building."— 7:%< BuiUtr, 

BOILER MAKER'5 READY RECKONER & ASSISTANT. 

With Examples of Practical Geometry and Templating, for the Use of Platen, 
Smiths, and Riveters. By John Courtney, Edited by D. K. Clark, 
M.I.C.E. Fourth Edition, 480 pp., with Z40 Illustrations. Fcap. 8vo, half- 
bound 7/0 

" No workman or apprentice should be without this book."— /tim TraeU Orcuiar, 

REFRIGERATION, COLD STORAGE, & ICE-MAKINQ: 

A Practical Treatise on the Art and Science of Refrigeration. By A. J. 
WalliS'Taylbr, A.M.Inst.CE., Author ot ''Refrigerating and Ice-Making 
Machinery." 600 pp., with 360 Illustrations. Medium 8vo, cloth, ^ei 1 6/0 

*' The author has to be congratulated on the completion and production of such an impor- 
tant work and it cannot fail to have a large body of readers, for it leaves out nothing that would in 
any way be of value to those interested in the subject."— S/icawwAt/. 

''^No one whose duty it is to handle the mammoth preserving installations of these latter days 
can afford to be without this valuable book."— Giasg-ow Herald, 

THE POCKET BOOK OF REFRIGERATION AND ICE- 

MAKINO. 

Edited by A. J. Wallis-Tayler, A.M.Inst.CE. Author of •* Refrigerating 
and Ice-making Machinery," &c. Small Crown 8vo, cloth. 

[Just Published. NetZlQ 

REFRIGERATING & ICE-MAKING MACHINERY. 

A Descriptive Treatise for the Use of Persons Employing Refrigerating 
and Ice-Making Installations, and others. By A. J. Wallis-Taylbr, 
A.-M. Inst. C.E. Third Edition, Enlarged. Crown 8vo, cloth . . 7/6 

" Practical, explicit, and profusely illustrated."— Ir^ur^vw Herald. 

** We recommend the book, which gives the cost of various systems and Ulustrations showing 
details of parts of mactiinery and general arrangements of complete installations."— .^MtiSi^. 

" May be recommended as a useful description of the machinery, XiM processes, and of the 
fac^ figures, and tabulated physics of refrigerating. It is one of the best compilations oa the 
subject. —£M!fv>Mrr. 

ENGINEERING ESTIMATES, COSTS, AND ACCOUNTS. 

A Guide to Commercial Engineering. With numerous examples of Estimates 
and Costs of Millwright Work, Miscellaneous Productions, Steam Engines and 
Steam Boilers; and a Section on the Preparation of Costs Accounts. Bv 
A General Manager. Second Edition. 8vo, cloth 12/0 

" This is an excellent and very useful book, covering subject-matter in constant requisition In 
every factory and worlcshop. . . . The book is invaluable, not only to the young eng in ee r , but 
alio to the estimate department of every -wotki,"— Builder. 

"We accord the work unqualified praise. The inliotmatlon Is given In a plain, straightforward 



; and bears throughout evidence of the Inttaaate practical acquakttaaoe of the andwr with 
rA\»mm of conunescial nngln— rinir " tfethmmifml Iworid. 
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HOISTING MACHINERY. 

An Elementary Treatise on. Including the Elements of Crane Construction 
and Descriptions of the Various Types of Cranes in Use. By Joseph 
Horner, A.M I.M.E., Author of ''Pattern-Making," and other Works. 
Crown 8vo, with 215 Illustrations, including Folding Piates, cloth. 

I fust Published. Net 7 IS 

AERIAL OR WIRE- ROPE TRAMWAYS. 

Their Construction and Management. Bv A. J . Wallis-Tayuek, A.M. Inst.C.B. 

With 8x Illustrations. Crown 8vo, cloth 7/6 

"This is in its way an excellent volume. Without ^olng into the minutiae of the subject, it 
yet lays before its readers a very s^ood exposition of the various systems of rope transmission m use, 
and gives as well not a little valuable information about their working, repair, and management. 
We can safely recommend it as a useful general treatise on the subject."— 77m Enf^neer. 

MOTOR CARS OR POWER-CARRIAQES FOR COMMON 

ROAD5. 

By A. J. Wallis-Taylbb, A. M. Inst. C.E., Author of "Modem Cycles," 

&c. 212 pp., with 76 Illustrations. Crown 8vo, cloth .... 4/6 

" The book is clearly expressed throughout, and is just the sort of work that an engineer 

thinking of turning his attention to motor-carriage work, would do well to read as a preliminary 

to startmg opeita.^oio&,"— Engineering. 

PLATING AND BOILER MAKING. 

A Practical Handbook for Workshop Operations. By Joseph G. Hornbr, 
A.M.I.M.E. 380 pp. with 338 Illustrations. Crown 8vo, cloth . . 7/6 

" This work is characterised by that evidence of close acquaintance with workshop methods 
which will render the book exceedingly acceptable to the practical hand. We have no hesitation 
in commending the work as a serviceable and practical handbook on a subject which has not 
hitherto received much attention from those qualified to deal with It in a satisfactory manner."— 
Mechanical World. 

PATTERN MAKING. 

A Practical Treatise, embracing the Main Types of Engineering ConstructioD, 
and including Gearing, Engine Work, Sheaves and Pulleys, Pipes and Columns, 
Screws, Machine Parts, Pumps and Cocks, the Moulding of Patterns in Loam 
and Greensand, estimating the weight of Castings &c. By Joseph G. Horner, 
A.M.I.M.E. Third Edition, Enlarged. With 486 Illustrations. Crown 8vo, 
cloth. Net 7/6 

" A well-written technical guide, evidently written by a man who understands and has prac- 
tised what he has written about. . . . We cordially recommend it to engineering students, yoimg 
joumesrmen, and others desirous of being initiated into the mysteries of pattern-making."— ^Mi/ie/fr. 
"An excellent vade ntecum for the apprentice who deares to become master of his trade." 
•.-Eng-lish Mechanic. 

MECHANICAL ENGINEERING TERMS 

(Lockwood's Dictionary oQ- Embracing those current in the Drawing Officfti 
Pattern Shop, Foundry, Fitting, Turning, Smiths', and Boiler Shops, &c. Com* 

? rising upwards of 6,000 Definitions.^ Edited by J. G. Hornbr, A.M.I.M.E. 
'bird Edition, Revised, with Additions. Crown 8vo, cloth . . Net 7/6 

" Just the sort of hand]^ dictionary required by the various trades engaged in mechanical en- 
gineering. The practical engineering pupil will find the book of great value mhis studies, and every 
foreman engineer and mechanic should have a co^."— Building News. 

TOOTHED GEARING. 

A Practical Handbook for Offices and Workshops. By J. Hornbr, A.M.I.M.E. 
With 184 Illustrations. Crown 8vo, cloth 6/0 

" We give the book our unqualified praise for its thoroughness of treatment, and recommend 
it to all interested as the most practical book on the subject yet iniXXiaa."'— Mechanical World. 

PIRE5, FIRE-ENGINES, AND FIRE BRIGADES. 

With a History of Fire-Engines, their Construction, Use, and Manage- 
ment ; Foreign Fire Systems ; Hints on Fire-Brigades, &c. By C. F. T. 
Young, C.£. 8vo, cloth £1 4s. 

" To such of our readers as are interested In the subject of fires and fire apparatus we can 

mcwt heartily commend this book."— Engineertng, 
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AgRIAL NAVIQATION. 

A Practical Handbook on the Constmction of Diriffible Balloons, Aerostats, 
Aeroplanes, and Aeremotors. By Frederick Walkbr, C.E., Associate 
Member o( the Aeronautic Institute. With 104 Illustrations. Large Crown 
8vo, cloth Net 7/6 

STONE-WORKINQ MACHINERY. 

A Manual dealing with the Rapid and Kcocomical Conversion of Stone. With 

Hints on the Arrangement and Management of Stone Works. By M. Powis 

Balb, M.I.M.E. Second Edition, enliurged. Crown 8vo, doth . . 9/0 

" The book should be in the hands of evecj mason or student of stonework."— CfMlrff^r 

'* A capital handbook for aO who maalpalafee alone foe bnOding or omamantal purpoieSi"^ 
MmdUfury MmrJbA 

PUMPS AND PUMPING. 

A Handbook for Piunp Uaen. Being Notes on Selection, Construction, and 
Management. By M. Powxs Bale, M.I.M.E. Fourth Edition. Crown 
8vo, cloth 3/6 

"The matter Is set forth as c o nci se ly as poarible. In foct, condensation rather than diffuse* 
nass has been th« author's aim thraujEhout t ynt h* does not seem to hsTe omitted anything likely to 
be of use. "— y<FMrP(a/ »/ Go* Ufhttnf. 

" Thoroughly practical and devly wrltten.">.<r/ax^0W Htrutd, 

MILLING MACHINES AND PROCESSES. 



A Practical Treatise on Shaping Metals by Rotary Cutters. Including 
Information on Making and Grinding the Cutters. By Paul N. Hasluck, 
Author kA ' ' Lathe* Work. '* With upwards of 300 Engravings. Large crown 8 vo. 



cloth 12/6 

" A new departure In engineering Uterature. . . . We can recommend this work to all In* 
teiested in milling machines ; it is what tt profewet to be— a practical treatise."— £«^MMr. 

" A capital and rettabkB book which will no doubt be of considerable senrice both to those 
who are already acquainted with the process as well as to thoae who contemplate Its adoption."— 
Industries. 

LATHE-WORK. 

A Practical Treatise on the Tools, Appliances, and Processes employed in 
the Art of Turning. By Paol N. Hasluck. Eighth Edition. Crown 8vo, 

cloth 6/0 

" Written by a man who knows not only how work ought to be done, but who abo knows how 
to do it, and how to conrey his knowledge to others. To alltumen this book would be Taluable."— 
Bngitutring. 

" We can safely recommend the work to young engineers. To the amateur It will simply be 
inraluable. To the student it will conT^ a great deal of useful lnlormatlon."-^Mi(ifrNer. 

SCREW-THREADS, 

And Methods of Producing Them. With numerous Tables and compkte 

Directions for using Screw*Cutting Lathes. By Paul N. Hasluck, Author 

of " Lathe* Work," &c Sixth Edition. Waistcoat-pocket size . .1/6 

" FuU of useful information, hhits and practical criticism. Taps, dies, and screwing tools 

generally are illustrated and their action described."— AfifcAawt^o/ WorUU 

" It is a complete compendium of all the details of the screw-cutting lathe ; In fact, a muUitm 
itp^rvo on all the subjects tt treats upon."— Ca»/mi^ mnd BuUder. 

TABLES AND MEMORANDA FOR ENGINEERS, 

MECHANICS, ARCHITECTS, BUILDERS, &c. 

Selected and Arranged by Francis Smith. Seventh Edition, Revised, including 
Electrical Tables, FoRMULiB, and Memoranda. Waistcoat-pocket size, 
limp leather. [Just Publishtd. 1 /6 

" It would, perhaps, be as difficult to make a small pocket-book selection of notes and formulae 
to suit ALL engineers as it would be to make a univwsal medicine ; but Mr. Smith's waistcoat- 
pocket collection may be looked upon as a successftil aStxaaD^"— 'Engineer. 

" The best example we have ever seen of vfo pages of useful matter packed into the dimen- 
sions of a card-case. "—BuiUUng News, " A veritable pocket treasury of kno«dedge."^/«VH. 

POCKET QL055ARY OP TECHNICAL TERMS. 

English-French, French-English; with Tables suitable for the Architectuial, 

Engineering, Manufacturing, and Nautical Professions. By John Jambs 

Fletcher. Third Edition, aoo pp. Waistcoat-pocket sise, limp leather 1 /6 

" It is a very great advantage for readers and correspondents In France and England to have 

so laqrs a number of the words relating to engineering and manufacturers collected m a Ulipntlan 

volume. The little book will be useAil both to students and travellers."— <^r»M(tel 

" The gk)aBary of terms is very complete, and many of the Tables are new and weU arranged 
We cordially command the book."-arM*MtfM/ WptM. 
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THE ENQINEER'S YEAR BOOK FOR 1904. 

Comprising FormnlaB, Rules, Tables, Data and Memonuida in Civil, Mechanical, 
Electrical, Marine and Mine Engineering. By H. R. Kkmpb, A.M. InsL CK., 
M.I.E.E., Principal Technical Officer, Engineer-in-Chief's Office, General Post 
Office, London,- Author -of "A Handbook of Electrical Testing," "The 
Electrical Engineer's Pocket-Book," &c. With i,ooo Illnstrations, specially 
Engraved for me work. Crown 8vo, 900 pp., leather. [Just Publishsd, 8/0 

"Kempe's Year Book really requires no commendatioo. Its sphere of usefulness is widely 
known, and tt is used by entpneers the world over."— 7Vw Hnsrinur. 

"The Tolume is distinctly tn advance of most siaoilar pabUcadoos In this cvantry."— 

" This TaluaUe and wdl-deslKned book of reference meets the demands of all deacrlpdons of 
•iiglneets."-.S»A«n<ajp Revitw. 

" Teems with up-to-date Information In ereiy branch of engineering and coostnictloii."— 
BuUdineNtws. 

** The needs of the engineering profession could hardly be supplied in a more admirable, 
complete and convenient form. To say that it mere than sustains all comparisons Is praise of the 
highest sort, and that may Justly be said ofVu"—MifUng Journal. 

** There is certainly room for the newcomer, which supplies explanatioas and (Hxectlons, as 
well as formulae and tables. It ■deserves to become one of the most successful of the technical 
yTP'iw** "—A rchitut. 

" Brings together with great skill all the technical informatioa which an engineer has to use 
day by day. It is in every way admirably equipped, and is sure to prove successfuL"— sSc»<mMik. 

" The up-to-dateness of Mr. Kempe^ compilation is a quaHty that will not be lost on the busy 
people for whom the work Is intended."— <r/!ajsvw Heraid, 

THE PORTABLE ENGINE. 

A Practical Manual on its Construction and Management. For the use , 

of Owners and Users of Steam Engines generally. By William Dyson *< 

Wansbrough. Crown 8vo, cloth ' . . 8/6 * 

" This is a work of value to those who use steam machinery. . . . Should be read by every ^ 

one who has a steam engine, on a farm or elsewhere."— i/ar/k Lane Ej^rtss. 

IRON AND STEEL. 

A Work for the Forge, Foundry, Factory, and Office. Containing ready, 
useful, and trustworthy Information for Ironmasters and their Stock-takers ; 
Managers of Bar, Rail, Plate, and Sheet Rolling Mills; Iron and Metal 
Founders; Iron Ship and Bridge Builders; Mechanical, Mining, and Con- 
sulting Engineers ; Architects, Contractors, Builders, &c. By Charlbs Hoarb, 
Author of ^' The Slide Rule," &c Ninth Edition, ssmo, leather . 6/0 

CONDENSED MECHANICS. 

A Selection of Formulae, Rules, Tables, and Data or the Use of Engineering 
Students, &c By W. G. C. Hughes, A.M.I.C.E. Crown 8vo, cloth . 2/6 

" The book is well fitted for those who are preparing for examination and wish to refiresfa I 

their knowledge by going through their formulae again. —Marine hngineer, 

THE SAFE USE OF STEAM. 

Containing Rules for Unprofessional Steam Users. By an Enginbbr. Seventh 

Edition. Sewed 6d. 

" If steam-users would but learn this little book by heart, boiler explosions would become , 

sensations by their n^^."— English Mechanic. 

THE CARE AND MANAGEMENT OF STATIONARY j 

BNQ1NE5. i 

A Practical Handbook for Menoin-charge. By C. Horst. Crown 8vo. Net 1 /O I 

THE LOCOMOTIVE ENGINE. 1 

The Autobiography of an Old Locomotive Engine. By Robbrt Wbathbr* 
BURN, M.I.M.E. With Illustrations and Portraits of Gborgb and Robert 
Stephenson. Crown 8vo, cloth. Nit 2/6 

THE LOCOMOTIVE ENGINE AND ITS DEVELOPMENT. 

A Popular Treatise on the Gradual Improvements made in Railway Endues 
between 1803 and 1903. By Clembmt E. Strbtton, C.E. Sixth Edition, 
Revised and Enlarged. Crown 8vo, cloth. [Just Publishid, Net 4/6 

" Students of railway history and all who are interested In the evohitkm of the modern 
locomodve will find much to attract and entertain in this volume."— 7?Im Ttmu* 
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MODERN MACHINE SHOP TOOLS, 

THBIR CONSTRUCTION. OPERATION, AND MANIPULATION. 

Including both Hand sind Machine Tools. An entirely New and Fully 
Illustrated Work, treating this Subject in a Concise and Comprehensive 
Manner. A Book of Practical Instruction in all Classes of Macnine Shop 
Practice. Including Chapters on Filing, Fittinr, and Scraping Surfaces ; on 
Drills, Reamers, Taps, and Dies ; the Lathe and its Tools ; Planers, Shapers, 
and their Tools; Milling Machines and Cutters; Gear Cutters and Gear 
Cutting ; Drilling Machines and Drill Work ; Grinding Machines and their 
Work ; Hardening and Tempering, Gearing, Belting, and Transmission 
Machinery ; Useful Data and Tables. By William H. Van Dervoort, M.E. 
Illustrated by 673 Engravings of latest Tools and Methods, all of which are 
fully described. Medium 8vo, cloth. [/ust Pi^lished. Net 21 /O 

LOCOMOTIVE ENGINE DRIVING. 

A Practical Manual for Engineers in Chaise of Locomotive Engines. By 
Michael Reynolds, formerly Locomotive Inspector, L. B. & S. C. K. 
Eleventh Edition. Including a Key to the Locomotive Engine. 

Crown Svo, cloth 4/6 

**Mr. Rtmiolda Kas auppHad a want, and has sappHed it weD. We can confidently ncom- 
nond the book not only to the piactkal driver, but to eveiyone who takes an interest in the 
pe ri b fm a n ce of kKonuitive engines."— TA* Enginur. 

** Mr. Reynolds has opened a new chapter in the lltefature of the day. This admirable 
practical treatise, of the practical utility of which we have to speak in terms of warm commendation." 



THE MODEL LOCOMOTIVE ENGINEER, 

Fireman, and Engine-Boy. Comprising a Historical Notice of the Pioneer 
Locomotive Engines and their Inventors. By Michael Reynolds. Second 
Ekiition, with Revised Appendix. Crown Svo, cloth 4/8 

" We should be glad to see this book in the possession of everyone in the kingdom who has 
aver laid, or is to lay, hands on a loccnnotive engine. "^/roM. 

CONTINUOUS RAILWAY BRAKE5. 

A Practical Treatise on the several Systems in Use in the United Kingdom : 
their Construction and Performance. By Michael Reynolds. Svo, cloth 

9/0 

" A popular explanation of the different brakes. It will be of great assistance in forming 
public opinion, and will be studied with benefit by those who take an interest in the \3iakA,"—Englisk 
Mtckanie, 

STATIONARY ENGINE DRIVING. 

A Practical Manual for Engineers in Charge of Stationary Engines. By 

Michael Reynolds. Sixth Edition. With Plates and Woodcuts. 

Crown Svo, cloth 4/6 

" The author's advice on the various points treated is clear and ^iasMu::aX."—Engifuerine. 
" Our author leaves no stone unturned. He is determined ttiat his readers shall not <nily 
know something about the stationary engine, but all about \!i."'—Engin€er, 



ENGINE-DRIVING LIFE. 

Stirring Adventures and Incidents in the Lives of Locomotive Engine* 

Drivers. By Michael Reynolds. Third Edition. Crown Svo, cloth . 1 /6 

" From iirst to last perfectly fascinating. Wilkie Collins's most thrilling conceptions are 
thrown into the shade by true incidents, endless in their variety, related in eveiy page."— AiM^ 
BriHsh MaiL 

THE ENGINEMAN'S POCKET COMPANION, 

And Practical Educator for Enginemen, Boiler Attendants, and Mechanics. 
By Michael Reynolds. With 45 Illustrations and numerous Diagrams 
Fourth Edition, Revised. Royal iSmo, strongly bound for pocket wear. 3/6 

" A most meritorious work, giving in a succinct and practical fonn all the information an 
engine-minder desirous of mastering the scientific principles of his daily calling would requite."— 
Th€ MilUr, 
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CIVIL ENGINEERING, SURVEYING, ETC. 



PIONEER IRRIGATION. 

A Manual of Information or Farmers in the Colonies. By E. O. Mawson, 
Executive Engineer, Public Works Department, Bombay. With Numerous 
Plates and Diagrams. Medium 8vo, cloth. 

[Just ready. Price about 7/6 '*'^* 

Summary of Contents :— Value of Irrigation, and Sources of Water 
Supply.— Dams and weirs.— Canals.— Underground Water.— Methods of Irri- 
CATION.— Sewage Irrigation.— Imperial automatic sluice Gates.— The Culti- 
vation OF Irrigated Crops, vh.getables, and fruit Trees.— Light Railways 
FOR Heavy Traffic.— Useful memoranda. Tables, and Data. 

TUNNELLINQ, 

A Practical Treatise. By Charlss Prblini, C.E. With additions by 
Charlbs S. Hill, C.E. With 150 Diagrams and Illustrations. Royal 8vo, 
cloth Uti 16/0 

PRACTICAL TUNNELLING. 

Explaining in detail Setting-out the Works, Shaft'sinldng, and Heading-driving, 
Ranging the Lines and Levelling underground, Sub-Excavating, Timbering 
and the Construction of the Brickwork of Tunnels. By F. W. Simms, 
M. Inst. C.E. Fourth Edition, Revised and Further Extended, including the 
most recent (1895) Examples of Sub-agueous and other Tunnels, by D. Kinnbak 
Clark, M. Inst. C.E. With 34 Foldmg Plates. Imperial 8vo, cloth £2 2a. 

" The present (1896) edition has been brought right up to date, and is thus rendered a woric to 
which civil engineers generally should have ready access, and to which engineefs who have con> 
itruction worlc can hardly afford to be without, but which to the younger members of the profeirioo 
te invaluable, as from its pages they can learn the statie to which the science of tunndling has 
MB^XMdu"— Railway News. 

THE WATER SUPPLY OF TOWNS AND THE CON- 
STRUCTION OP WATBR-WORKS. 

A Practical Treatise for the Use of Engineers and Students of Engineering. 
Bv W. K. Burton, A.M. Inst. C.E., C<xisulting Engineer to the Tokyo 
Water-works. Second Edition, Revised and Extended. With niunerous 
Plates and Illustrations. Super-royal Svo, buckram. \Jutt Published. 2fi/0 

I. INTRODUCTORY. — II. DiFPBRBNT QUALrTIBS OF WATER. — III. QUANTITY OP 

Water to be Provided.— IV. On ascertaining whether a Proposed Source op 
Supply is supficient.— V. On Estimating the storage Capacity required 
TO BE Provided.— VI. Classification of Water-works.— VII. impounding reser- 
voirs.— viii. Earthwork Dams.— IX. Masonry Dams.— X. The Purification op 
Water.— XI. settling Reservoirs.— XII. Sand Filtration.— XIII. purification 
OF Water by action of iron, Softening op water by action of Limb, Natural 
Filtration.— XIV. Service or Clean Water Reservoirs— Water towers— Stand 
Pipes.— XV. The Connection of Settling Reservoirs, Filter Beds and Service 
reservoirs.— XVI. pumping machinery.— XVII. Flow of Water in Conduits- 
Pipes AND Open Channels.— XVIII. Distribution Systems.— XIX. Special Pro- 
visions FOR THE Extinction of Fire.— XX. pipes for water-works.— XXI. Pre- 
vention OF Waste of Water.— XXII. Various Appliances used in Connection 
WITH Water-works. 

appendix I. By PROF. JOHN MILNE, F.R.S.— CONSIDERATIONS CONCERNING THE 
PROBABLE EFFECTS OF EARTHQUAKES ON WATER-WORKS, AND THE SPECIAL PRE- 
CAUTIONS TO BE TAKEN IN EARTHQUAKE COUNTRIES. 

APPENDIX II. By JOHN DE RIJKE, CE.— ON SAND DUNES AND DUNE SAND AS 

A SOURCE OF Water Supply. 

" The chapter upon filtration of water is very complete, and the details of construction weO 
Illustrated. . . . The work should be specially valuable to civil engineers ens^aged in work in 
Japan, but the interest is by no means confined to that )oca3ixy"—Engin€*r. 

" We congratulate the author upon the practical commonsense shown in the preparation of 
this work. . . . The plates and diagrams have evidently been prepared with great cave, and 
cannot £ail to be of great assistance to the sxadeat."—£uiUkr, 

RURAL WATER SUPPLY. 

A Practical Handbook on the Supply of Water and Construction of Water- 
works for small Country Districts. By Allan Grebnwbll, A.M.I.C.£., 
and W. T. Curry, A.M.I.C.E., F.G.S. With Illustrations. Second Edition, 
Revised. Crown Svo, cloth t 6/0 



" We consdentloasly recommend It as a very oaefol book for those concerned In obtaining 
, giving a great deal of praracal information in a smal ]compaai."—BuiUer. 



water for small districts, _ „ ^ 

" The volume contains valuable infornumon upon all matters connected with water supply. 
. . It is full of details on poiau which are continually before water-works engineers."— A^iafwrn. 
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THE WATER SUPPLY OP CITIES AND TOWNS. 

By William Humbbs, A. M. Init. CR., and M. Inst. M.S., Anthor of " Cast 
and Wroocht Iron Bridge Constmctioa/' ftc, ftc. Illustrated with 50 Doable 
Plates, X Single Plate, Coloured Frontispiece, and upwards of 350 Woodcuts, 
and containing 400 pp. of Teat. Imp. 4to, elegantly and substantially 

half-bound in morocco /^*t £6 6a. 

List op contents, i. historical Skbtch op somb op thb mbans that havb 

BBBN A1X>PTBD FUk i MH SUPPLY OP WaTBR TO CiTIBS AND TOWNS.— II. WaTBR AND 

THB Foreign Mattbr usually associatbd with it.— III. Rainpall and evapora. 
TioN.—lv. springs and thb watbr-bbaring formations op various Districts. 

—V. MBASURBM BMT and ESTIMATION OP THB FLOW OP WATER.— VI. ON THB SBLBCTION 
op THB SOURCE OP SUPPLY.— VII. WELLS.- VIII. RBSBRVOIRS.— IX. THB PURIPICATION 
OP WATBR.— X. FUMPS.—XI. PUMPING MACHINBRY.—XII. CONDUITS.— XIII. DISTRIBU- 
TION OP Water —XIV. meters. Sbrvicb Pipes, and housb Fittings.— XV. The Law 

AND ECONOMY OP WATER-WORKS.- XVI. CONSTANT AND INTERMITTENT SUPPLY.— 
XVII. DESCRIPTION OP PLATES.— APPENDICES, GIVING TABLBS OP RATBS OP SUPPLY. 
VBLOCITIBS, 4tC. &C.. TOGETHER WITH SPECIFICATIONS OP SEVERAL WORKS ILLUS- 
TRATED. AMONG WHICH WILL BE POUND: ABBRDBEN, BIDBPORD, CANTERBURY, 
DVNOBB. HALIPAX. LAMBBTH. ROTHBRHAM. DUBLIN, AND OTHERS. 

'* The most tystemadc and vahimble wotk upon water auppljr hitherto produced in English, or 
in any other laaiguaga. Mr. H umber's work is characterised almost throa|rhoot by an 
exhannTenesB much more distinctive of French and German than of English technical treetisei." 
— SiV^Mirr. 

THE PROGRESS OP ENQINEERINQ (1863-6). 

By Wm. HuMBER, A M.Inst.C.E. Complete in Four Vols. Containing 148 
Double Plates, with Portraits and Copious Descriptive Letterpress. Impl. 410, 
half-morocco. Price, complete, £1 2 1 2s. i or each Volume sold separately 
at £3 3s. per Volume. Descriptive List 0/ Contents on application. 

HYDRAULIC POWER ENGINEERING. 

A Practical Manual on the Concentration and Transmissi(Mi of Power bv 
Hydraulic Machinery. By G. Crotoon Marks, A.M. Inst. C.E. With 
nearly aoo Illustrations. 8vo, cloth. Net 9/0 

summary of contents. principles of hydraulics.— the flow of water. 
—Hydraulic Pressures, material.— Test load Packings for Sliding Surfaces. 
—Pipe Joints.— Controlling Valves.- platform Lifts.— Workshop and Foundry 
Cranes.- Warehouse and Dock ckanbs.— hydraulic accumulators.— presses 
FOR Baling and other purposes.— Sheet Metal Working and forging Machinery. 
—HYDRAULIC Rivbtters.— Hand, power, and Steam pumps.— Turbinbs.—Impulsb 
Turbines.— Reaction Turbines.— Design of turbines in Detail.- water wheelSw 
—Hydraulic engines.— Rbcbnt achievements.— Pressiirb of Water.- Action 
of pumps, &c 

" We hav« nothinsr but praise for this thoroasrhly Taluable work. The author has succeeded 
in renderinsf his subject interestini; as well as instructive."— /ViwAiea/ Engineer . 

"Can be unhesitatingly recommended as a useful and up-to-date manual on hydraulic trans- 
mission and utilisation of power." — MeeManical World 

HYDRAULIC TABLE5, C0-EPF1CIENT5, & PORMUMB. 

For Finding the Discharge of Water from Orifices, Notches, Weirs, Pipes, and 
Rivers. With New Formuhe, Tables, and General Information on Rain-fall, 
Catchment-Basins, Drainage, Sewerage, Water Supply for Towns and Mill 
Power. By John Neville, C.E., M.R.I.A. Third Edition, revised, with 
additions. Numerous Illustrations. Crown 8vo, cloth ... 1 4/0 
" It is, of all Eng^Ush books on the subject, the one nearest to completeness."— ^rcMMerlL 

HYDRAULIC MANUAL. 

Consisting of Working Tables and Explanatory Text. Intended as a Guide in 
Hydraulic Calculations and Field Operations. By Lowis D'A. Jackson, 
Author of "Aid to Survey Practice," "Modern Metrol(^;y," &c Fourth 
Edition, Enlarged. Large crown 8vo, cloth 1 6/0 



•• ■ 



'The author has constructed a manual which may be accepted as a trustworthy gmde 
to this branch of the engineer's profession."— ^MfinMn'M^. 

WATER ENQINEERINQ. 

A Practical Treatise on the Measurement, Storage, Conve3rance. and Utilisa* 
tion of Water for the Suimly of Towns, for Mill Power, and for other Purposes. 
ByCHARLBsSLAGG,A.M.Inst.CE. Second Edition. Grown 8vo, cloth. 7/6 
" As a small practical trQettse on the water supply of towns, and on some applications of water- 
power, the worlc is in many respects exceUeot."— .£»vi»M«r»fv 
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THE RECLAMATION OP LAND PROM TIDAL WATERS. 

A Handbook for Engmeers, Landed Proprietors, and others interested in 
Works of Reclamation. By Alkx. Bbazblby, M.Inst. CE. 8vo, doth. 

^Tet 10/6 

" The book shows in a concise way what has to be done in reclaiming land firom the sea, and 
the best way of doing it. The work contains a {jfreat deal of practical and useful infonnation which 
cannot fail to be of service to enspneers entrusted with the enclosure of salt marshes, and to land- 
owners intending to reclaim land from the sea."— 7'A« Engineer. 

" The author has carried out his task efficiently and well, and his book contains a large 
amount of information of great service to engineers and others interested in worics of reclamation. ** 
~-Naturt. 

MASONRY DAM5 PROM INCEPTION TO COMPLETION. 

Including numeroos Formulae, Forms of Specification and Tender, Pocket 
Dti^am of Forces, &c. For the use of Civil and Mining Engineers. By 
C. F. Courtney, M. Inst. C.E. 8vo, cloth Q/Q 

** The volume contains a good deal of valuable data. Many useful suggestions will be found 
in the remarks on site and position, location of dam, foundations and construction.'*— iltMUtM^ 

RIVER BARS. 

The Causes of their Formation, and their Treatment by " Induced Tidal 
Scour " ; with a Description of the Successful Reduction b^ this Method of 
the Bar at Dublin. By I. J. Mann, Assist. Eng. to the Dubim Port and Docks 
Board. Rojral 8vo, cloth 7/6 

" We recommend all interested in harbour works— and. Indeed, those concerned In the 
improvements of rivers generally— to read Mr. Mann's interesting work."— ^M^fifMcr. 

TRAMWAYS: THEIR CONSTRUCTION AND WORKING. 

Embracing a Comi>rehensive History of the System; with an exhaustive 
Analysis of the Various Modes of Traction, including Horse Power, Steam, 
Cable Traction, Electric Traction, &c. ; a Description of the Varieties oif 
Rolling Stock ; and ample Details of Cost and Working Expenses. New 
Edition, Thoroughly Revised, and Including the Progress recently made in 
Tramway Construction, &c., &c. By D. Kinnbar Clark, M. Inst. CE. 
With 400 Illustrations. 8vo, 780 pp., buckram. S28/0 

" The new volume is one which will rank, among tramway engineers and those interested in 
tramway working, with the Author's worid-famed book on railway machinery."— 71t< Enginur. 

SURVEYING A5 PRACTISED BY CIVIL ENGINEERS 

AND 3URVBYORS. 

Including the Setting>out of Works for Construction and Surveys Abroad, with 
many Examples taken from Actual Practice. A Handbook for use in the Field 
and the Office, intended also as a Text-book for Students. By John Whitb- 
LAW, Jun., A.M. Inst. C.E., Author of " Points and Crossings.' With about 
260 Illustrations. Demy 8vo, cloth Net 1 0/6 

" This work is written with admirable lucidity, and will certainly be found of distinct value 
both to students and to those engaged in actual practice." — The Builder. 

PRACTICAL SURVEYING. 

A Text-Book for Students preparing for Examinations or for Survey-wcnrk in 
the Colonies. By Gborge W. Usill, A.M.I.C.E. ^ With 4 Lithographic 
Plates and upwards of 330 Illustrations. Seventh Edition. Including Tables 
of Nsuural Sines, Tangents, Secants, &c. Crown 8vo, 7/8 cloth ; or, on Thin 
Paper, leather, gilt edges, rounded corners, for pocket use . . .1 2/6 

"The best forms of instruments are described as to their construction, uses and modes 
td employment, and there are innumerable hints on work and equipment such as the author. In 
his experience as surveyor, draughtsman and teacher, has found necessary, and which the student 
In his mexperience will find most sisrnceaXAe."— Engineer. 

" The first book which should be put in the bands of a pupil of Civil Engineering."— 
ArchiUct. 

AID TO SURVEY PRACTICE. 

For Reference in Surveying, Levelling, and Setting-out; and in Route Sur- 
veys of Travellers by Land and Sea. With Tables, Illustrations, and Records. 
By Lewis D'A. Jackson, A.M.I.C.E. Second Edition, Enlarged. 8vo, 

cloth 12/6 

*' Mr. Jackson has produced a Tsluable v a d en ucum for tlis nrreyoc. We can lecommend 

this book as containing aa admfaraWe supptement to the teecMng of the accompMihed ■nrrefor."— 

AthenautH. 



" The author brings to his work a fcwtnnate cmiaa of thaoffy nd pnctkal ypei leoc e wblcb, 



aided by a dear and faidd style of wiitiag, lendeis dM book a vesy useftd one.''-^M tf rfy. 
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SURVBYINQ WITH THE TACHEOMBTER. 

A practical Mannal for the nse of Civil and Military Engineers and Surveyors. 
Including two series of Tables specially computed for the Reduction of 
Readings in Sexagesimal and in Centesimal Degrees. By Nbil Kbnnbdv, 
M. Inst. C.£. With Diagrams and Plates. Demy 8vo, cloth. ^et 10/6 
" The work is very deariy written, and should remo-re all difficulties in the way of any surveyor 
derirons of maldng use of this useful and rapid instrument."— Aa/wns. 

ENGINEER'S & MINING SURVEYOR'S FIELD BOOK. 

Consisting x>f a Series of Tables, with Rules, Explanations of Systems, and 
nse of Theodolite for Traverse Surveying and plotting the work with niinute 
accuracy by means of Straight E^fi^e and Set Square only ; Levelling with the 
Theodolite, Setting-out Curves with and without the Theodolite, Earthwork 
Tables, &c. By W. Davis Haskoll, C.£. With numerous Woodcuts. 
Fourth Edition, Enlarged. Crown 8vo, cloth 1 2/0 

" The book Is very handy ; the separate tables of sines and tangents to every minute wHl make 
It useful for many other purposes, the genuine traverse tallies existing all the same."— ^MtffUTMm. 

LAND AND MARINE SURVEYING. 

In Reference to the Preparation of Plans for Roads and Railway ; Canals, 
Rivers, Towns' Water Supplies; Docks and Harbours. With Description 
and Use of Surveying Instruments. By W. Davis Haskoll, C.E. Second 
Edition, Revised, wiui Additions. Large crown 8vo, cloth . . . 9/0 

*' This book must prove of great value to the student. We have no hesitation in recom* 
mending It, feeling assured that it will more than repay a careful study."— Mechanical ff^orid. 

" A most useful book for the student. We can strongly recommend it as a carefuUy-wrltten 
and valuable text-book. It enjoys a well-deserved repute among surveyors."— ^M«/(<er. 



PRINCIPLES AND PRACTICE OP LEVELLING. 

Showing its Application to Purposes of Railway and Civil Engineering in 
the Construction of Roads ; with Mr. Telford's Rules for the same. By 
Frbdbrick W. Simms, M. Inst. C.E. Eighth Edition, with Law's Practical 
Examples for Setting-out Railway Curves, and Trautwinb's Field Practice 
of Laying-out Circular Curves. With 7 Plates and numerous Woodcuts. 
8vo 8/6 

" The text-book on levelling in most. of our engineering schools and colleges."— J?»^fM»r. 

"The publishers have rendered a substant»l service to the profession, especially to the 
younger ■oembers, by bringing out the present edition of Mr. Simms's useful 'wotk,"-~£ftgiHeering. 

AN OUTLINE OF THE METHOD OF CONDUCTING 

A TRIQONOMBTRICAL 3URVBY. 

For the Formation of Geographical and Topographical Maps and Plans, Mili* 
tary Reconnaissance, LEVELLING, &c, with Useful Problems, Formulae, 
and Tables. By Lieut. -General Fromb, R.E. Fourth Edition, Revised and 
mutly Re-written by Major-General Sir Charles Warrbn, G.U.M.G., R.E. 
With 19 Plates and 1x5 Woodcuts, royal 8vo, cloth .... 1 6/0 

" No words of praise from us can strengthen the position so well and so steadily maintained 
by tills woriE. Sir Charles Warren has revised the entire work, and made such additions as were 
to bring every portion of the contents up to the present data." —Broad A rrvw. 



TABLES OF TANGENTIAL ANGLES AND MULTIPLES 

FOR 5BTTINO-OUT CURVB5. 

From 5 to 300 Radius. By A. Beazblbt, M. Inst. C.E. 6th Edition, 
Revised. With an Appendix on the use of the Tables for Measuring up 
Curves; Printed on 50 Cards, and sold in a cloth box, waistcoat-pocket size. 

3/6 

" Each table is printed on a small card, which, placed on the theodolite, leaves the hands free 
to manipulate the instrument — no small advantage as regards the rapidity of woA."^£ng%Hur. 

'* Very handy : a man may know that all his day's work must fall on two of these car^ wUch 
he pats Into bis own card-caae, and leaves the rest heiaad."—Atkenaum. 

HANDY GENERAL EARTH-WORK TABLES. 

Giving the Contents in Cubic Yards of Centre and Slopes of Cuttings Bni 
Embankments from 3 inches to 80 feet in Depth or Height, for use with either 
66 fsst Chain or zoo feet Chain, fiy J. H. Watson Buck, M. Inst. CE. 
On a Sheet mounted in doth case 8/6 
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EARTHWORK TABLB5. 

Showing the Contents in Cubic Yards of Embankments, Cntkittfi, ftc.. 
Heights or Depths up to an average of 80 feet. By Jouph Broaobbnt, C B. , 
and Francis Campin, CE. Crown 8vo, cloth 5/0 



" The way in which mccuncf is attained, by a simple divUon of each cross sactloo into three 
elements, two in wliich are constant and one variable, is ingenious."— vfK/hcffurwM* 

A MANUAL ON EARTHWORK. 

By Albx. J. Graham, C.E. With numerons Diagrams. Second Edition. 
x8mo, cloth 2/8 

THE CONSTRUCTION OF LARGE TUNNEL SHAFTS. 

A Practical and Theoretical Essay. By J. H. Watson Buck, M. Inst. C.E., 
Resident Engineer, L. and N. W. R. With Folding Plates, 8vo, cloth 1 2/0 

" Many of the methods given are of extreme practical value to the mason, and the obaerra* 
tlons on the ibrm of arcli, the rules for ordering the stone, and the construction of the templates, 
win be found of considerable use. We commend the book to the engineering proJeMfan."— 
Buildinf News. 

" will be regarded by civil engineers as of the utmost value, and calnihted to save modi 
tkne and obviate many mistakes."— C^tfAM^^ Guardian. 

CAST A WROUGHT IRON BRIDGE CONSTRUCTION 

(A Complete and Practical Treatise on), including Iron Fonnditfions. In 
Three Parts. — Theoretical, Practical, and Descriptive. By William Humbbr, 
A. M. Inst. C.E., and M. Inst. M.E. Third Edition, revised and mnch im- 
proved, with 1x5 Doable Plates (ao of which now first appear in thb edition), 
and numerous Additions to the Text. In a vols., imp. 4to, half-b<Mmd in 

morocco £6 16a. 6o« 

" A venr valuable contribution to the standard literature of civil engineering. In addition to 
derations, plans, and sections, large scale details are given, which very much enhance the 
iostructive worth of those illustrations."— Ctto/ Ensrineer and Architects yeumal, 

"Mr. Humber's stately volumes, lately issued— in which the most important bridges 
erected during the last five years, under the direction of the late Mr. Brunei, Sir W. Cuntt, 
Mr. Hawlcshaw, Mr. Page, Mr. Fowler, Mr. Heroans, and others among our most eminent 
engineers, are drawn and specified in great detail "—£»i^««Mr. 

ESSAY ON OBLIQUE BRIDGES 

(Practical and Theoretical). With 13 large Plates. By the late Gbokgb 
Watson Buck, M.I.CE. Fourth Edition, revised b^ his Son, J. H. Watson 
Buck, M.I.CE. ; and with the addition of Description to Diagrams for 
Facilitating the Construction of Oblique Bridges, by W. H. Baklow, M.I.CE. 
Royal 8vo, cloth 1 2/0 

"The standard text-book for all engineers regarding skew arches Is Mr. Buck's treatise, 
and It would be impossible to consult a better."— iS>^'M««r. 

" Mr. Buck's treatise is recognised as a standard text-book, and his treatment has <flve8ted 
the subject of otany of the intricacies supposed to belong to it. As a guide to the engineer and 
architect, on a confessedly difficult subject, Mr. Buck's work is unsurpassed."— ^MriM^v' Nnn. 

THE CONSTRUCTION OP OBLIQUE ARCHES 

(A Practical Treatise on). By John Hart. Third Edition, with Plates. 
Imperial 8vo, cloth . t • . • 8/0 

GRAPHIC AND ANALYTIC STATICS. 

In their Practical Application to the Treatment of Stresses in Roofe Solid 

Girders, Lattice, Bowstring, and Suspension Bridges, Braced Iron Arches and 

Piers, and other Frameworks. By K. Hudson Graham, C.E. Containing 

Diagn'ams and Plates to Scale. With numerous Examples, many taken from 

existing Structures. Specially arranged for Class-work in Colleges and 

Universities. Second Edition, Revised and Enlarged. 8vo, cloth . 1 6/0 

'* Mr. Graham's book will fird a place wherever graphic and analytic statics are used or 
HEOiiSittA."— Engineer. 

" The work is excellent from a practica point of Tiew, and has evidently been prepaied 
with much care. The directions for working are ample, and are illustrated by an abundance of 
well-selected examples. It is an excellent text-book for the practical draughtsman. "-x^Mamtmm. 

WEIGHTS OP WROUGHT IRON & STEEL GIROER5. 

A Graphic Table for Facilitating the Computation of the Weights of Wroariit 
Iron and Steel Girders, &c., for Parliamentary and other Estimates. By 
J. H. Watson Buck, M. Inst. C.B. On a Sheet .... 2/6 
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QEOMETRY FOR TECHNICAL STUDENTS. 

An Introduction to Pare and Applied^ Geometry and the Mensuration of 
Surfaces and Solids, including Problems in Plane Geometry useful in Drawing. 
By E. H. Spragub, A.M.I.C.E. Crown 8vo, cloth, [/ust Pudlisfud. J\ei 1 /O 

PRACTICAL GEOMETRY. 

For the Architect, Engineer, and Mechanic. Giving Rales for the Delineation 
and Application of varioas Geometrical Lines, Fignrea, and Carres. By 
E. W. Tasn, M.A., Architect. Svo, cloth 9/0 

" No book wfth the nme objects in view hu ever beeo published in which the clearness of 
the rules laid down and the iUustiative diagnins have been so satisfactory. "-^Sc«triM«M. 

THE QEOMETRY OP C0MPA55E5. 

Or. Problems Resolved by the mere Description of Circles and the Use of 
Coloured Diagrams and Symbols. By Oliver Byknk. Coloured Plates. 
Crown Bvo, clMh 8/Q 

EXPERIMENTS ON THE FLEXURE OF BEAMS 

Resulting in the Discovery of New Laws of Failture by Buckling. By Albert 
£. Guy. Medium Svo, cloth. [7m< Publisfud. Net 9/0 

HANDY BOOK FOR THE CALCULATION op 5TRAIN5 

In Girders and Similar Structures and their Strength. Consisting of FormuUe 
and Corresp<mding Diagrams, with numerous details for Practical Applica* 
tion, &C. By William Humbbr, A. M. Inst. C.E., &c. Fifth Edition. 
Crown Svo, with nearly 100 Woodcuts and 3 Plates, cloth . . 7/6 

" The fonnulje are neativ expressed, and the diagrams good."—Atk*Mauitt. 
** We heartily coounend this really handy book to our engineer and architect readers."— 
BngMsh Mtchanic. 

TRUSSES OF WOOD AND IRON. 

Practical Applications of Science in Determining the Stresses, Breaking 
Weights, Safe Loads, Scantlings, and Details of Construction. With Complete 
Working Drawings. By William Griffiths, Surveyor. Svo, cloth 4/6 

"This handy Ittde book enters so minutely into every detail connected with the con- 
stiuctioii of roof trusses that no student need be ignorant of these matters."— '/Vac/iot^ JSngifuer. 

THE STRAINS ON STRUCTURES OF IRONWORK. 

With Practical Remarks on Iron Construction. By F. W. Shbilds, M.I.C.E. 
Svo, cloth 6/0 

A TREATISE ON THE STRENGTH OF MATERIALS. 

With Rules for Application in Architecture, the Construction of Suspension 
Bridges, Railways, &c. By Pstbr Barlow, F.R.S. A new Edition, revised 
by hus Sons, P. W. Barlow, F.R.S., and W. H. Barlow, F.R.S. ; to which 
are added. Experiments by^ Hodgkinson, Fairbairn, and Kirkaldt ; and 
Formulae for calculating Girders, &c Edited by Wm. Humbbr, A.M.I.C.E. 
Svo, 400 pp., with X9 Plates and numerous Woodcuts, cloth ... 1 8/0 

" ValuaUe alike to the student, tyro, and the experienced practitioner, it will always rank 
In ftttnre as it has hitherto done, as the standard treatise on that particular 9xh^vcx."—Engifuer, 

SAFE RAILWAY WORKING. 

A Treatise on Railway Accidents, their Cause and Prevention ; with a De« 
scnption of Modem Appliances and Systems. By Clement £. Strbttom, 
C.E. With Illustrations and Coloured Plates. Third Edition, Enlarged. 

Crown Svo, cloth 3/6 

"A book for the engineer, the directors, the managers; and, in short, all who wish for 

Information on railway matters will find a perfect encyclopaedia in ' Safe Railway Working.' "— 

Railway Review. 

EXPANSION OF STRUCTURES BY HEAT. 

By John Kbilt, CE., late of the Indian Public Works Department Crown 

Svo, cloth 3/6 

" The aim the author has set before him, viz., to show the offsets of heat upon metallic and 
other structures, is a laudable one, for this is a branch of physics upon which the engineer or 
architect can find but Utde reliaUe and comprehenalTe data hi hookst."'-BuUd*r, 
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PUBLICATIONS OF THE ENGINEERING 
STANDARDS COMMITTEE. 

The Engineering Standards Committee is the outcome of a 
Committee appointed by the Institution of Civil Engineers at the instance 
of Sir John Wolfe Barry, K.C.B., to inquire into the advisability oi 
Standardising Rolled Iron and Steel Sections. 

The Committee is supported by the Institution of Civil Engineers, the 
Institution of Mechanical Engineers, the Institution of Naval Architects, 
the Iron and Steel Institute, and the Institution of Electrical Engineers ; 
and the value and importance of its labours has been emphatically 
recognised by his Majesty's Government, who have made a liberal grant 
from the Public Funds by way of contribution to the financial resources of 
the Committee. 

The subjects already dealt with, or under consideration by the 
Committee, include not only Rolled Iron and Steel Sections, but Tests 
for Iron and Steel Material used in the Construction of Ships and their 
Machinery, Bridges and General Building Construction, Railway Rolling 
Stock Underframes, Component Parts of Locomotives, Railway and 
Tramway Rails, Electrical Plant, Insulating Materials, Screw Threads and 
Limit Gauges, Pipe Flanges, Cement, &c. 

Reports already Published : — 

1. BRITISH STANDARD SECTIONS. 

List I. Equal Angles. — List 2. Unequal Angles. — List 3. Bulb Angles. 
List 4. Bulb Tees. — List 5. Bulb Plates. — List 7. Channels. — List 8. 
Beams, F'cap. folio, sewed. [Just Published, Net I/O 

2. BRITISH STANDARD TRAMWAY RAILS AND FISH 

PLAtE5 : STANDARD SECTIONS AND .SPECIFICATION, 

F'cap. folio, sewed. [Just Published. Net 21/0 

3. REPORT ON THE INFLUENCE OF QAUQE LENGTH 

AND SECTION OF TE5T BAR ON THE PERCENTAGE OF 
ELONGATION. 

By Professor W. C. Unwin, F.R.S. F'cap. folio, sewed. 

Uust Published, Net 2/6 

4. PROPERTIES OF STANDARD BEAMS. 

Demy 8vo, sewed. [Just Published. Net IIQ 
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NAVIGATION, £TC. 



THE NAVAL ARCHITECTS AND SHIPBUILDER'S 

POCKET-BOOK of FormaljB, Rales, and Tables, and Marine Engineer's and 
Surveyor's Handy Book of Reference. By Clbmbnt Mackrow, M.I.N. A. 
Eighth Edition, Carefully Revised and Enlarged. Fcap., leather. Net 1 2/6 

SUMMARY OP CONTENTS:— SIGNS AND SYMBOLS, DECIMAL FRACTIONS.— TRIC O* 
NOMETRY.— PRACTICAL GEOMETRY.— MENSURATION.— CENTRES AND MOMENTS OP 
FIGURES. —MOMENTS OP INERTIA AND RADII OP GYRATION.— ALGEBRAICAL EXPRESSIONS 
POR SIMPSON'S RULES.— MECHANICAL PRINCIPLES.— CENTRE OP GRAVITY.— LAWS OP 
MOTION —DISPLACEMENT, CENTRE OP BUOYANCY.— CENTRE OP GRAVITY OP SHIP'S 
HULL.— STABILmr CURVES AND METACENTRES.— SEA AND SHALLOW-WATER WAVES. 
—ROLLING OP SHIPS.— PROPULSION AND RESISTANCE OP VESSELS.— SPEED TRIALS.— 
SAILING CENTRE OP EPPORT.— DISTANCES DOWN RIVERS, COASTLINES.— STEERING AND 

RUDDERS OP Vessels.— LAUNCHING Calculations and Velocities.— weight op 
Material and Gear. — Gun Particulars and weight.— standard Gauges.— 
Riveted Joints and RrvBTiNC— Strength and Tests op Materials.— Binding 
AND Shearing Stresses, &c.— Strength op Shapting, Pillars, wheels, Ac- 
Hydraulic Data, &c. — Conic Sections. Catenarian Curves. — Mechanical 
Powers, work.— Board op Trade Regulations por Boilers and engines.— Board 
OP Trade Regulations por Ships.— Lloyd's Rules por Boilers.- Lloyd's weight 
OP CHAINS.— Lloyd's scantlings por ships.— Data op Engines and vessels.— 
Ships' FrrriNGS and Tests.— Seasoning Preserving Timber.— Measurement op 
Timber.— Alloys. Paints, Varnishes.— Data por stowage.- Admiralty Trans- 
port Regulations. — rules por Horse-power, Screw propellers. &c.— Per- 
cbntages por butt straps, &c.— particulars op yachts.— masting and rigging 
Vessels.- Distances op Foreign Ports.— Tonnage Tables.— Vocabulary op 
French and English Terms. — English Weights and Measures. — Foreign 
weights and Measures.— decimal equivalents.— Foreign Money.— Discount 
AND Wages Tables.— Usepul Numbers and Ready Reckoners.— Tables op 
Circular Measures.— Tables op areas op and Circumperencbs op Circles.— 
Tables op areas op Segments op Circles.— Tables op squares and Cubes and 
roots op Numbers.— Tables op LOGARrruMS op Numbers.— Tables op hyper- 
BOLic LOGARrTHMS.- Tables op Natural Sznbs, Tangents, dec.— tables or 
Logarithmic Sines, Tangents, &c. 

" In these davs of advmnced knowledfe a w»ric like this is of the greatest ralue. It contains 
a Tast amount of infonnation. We unhesjtanngly say that it is the most valuable compilation for its 
specific purpose that has ever been printed. No naval architect, engineer, surveyor, seaman, 
wood or uon shipbuilder, can afford to be without this worlc" — NautictU Magusitu. 

" Should be used by all who are engaged in the construction or d^ign of vessels. . . . WQ] 
be found to contain the most useful tables and formulae required by shipbuilders, carefully coflected 
from the best authorities, and put together ia a popular and simple form. The book is one of 
exceptional merit."— £M£«M<rr. 

" The professionalshipbuilder has now, in a convenient and accessible form, reliable data for 
solving many of the numerous problems that present themselves in the course of his work."— /rvn. 

" There is no doubt that a pocket-book of this description must be a necessity fai the ship- 
building trade. . . The vohmie contains a mass of useful information dearly expressed and 
presented in a handy form."— ifaWfM Engineer, 

WANNAN'5 MARINE ENQINEER'5 GUIDE 

To Board of Trade Examinations for Certificates of Competency. Containing 
all Latest Questions to Date, with Simple, Clear, and Correct Solutions; 
30a Elementary Questions with Illustrated Answers, and Verbal Questions 
and Answers; complete Set of Drawings with Statements completed. By 
A. C. Wannan,C.£., Consulting Engineer, and E. W. I. Wannan, M.I.M.E., 
Certificated First Class Marine Engineer. With niunerous Engravings. Third 
Edition, Enlarged. 500 pages. Large crown 8vo, cloth . . Net 1 0/6 

" The book is clearly and plainly written and avoids unnecessary explanations and formulas, 
and we consider it a valuable book for students of marine engineering."— AaM/i'^a/ Magasine, 

WANNAN'S MARINE ENGINEER'S POCKET-BOOK. 

Containing Latest Board of Trade Rules and Data for Marine Engineers. 

By A. C. Wannan. Third Edition, Revised, Enlarged, and Brought up to 

Date. Square z8mo, with thumb Index, leather. Ui*^^ Published. SIO 

"There is a great deal of useful information in this little pocket-book. It is of the rule of 

thumb order, and is, on that account, well adapted to the uses of the sea-going engineer."— 

£n£ittger 

THE SHIPBUILDING INDUSTRY OF GERMANY, 

Compiled and Edited by G. Lbhmann-Felskowski. With Coloured Prints 
Art Supplements, and numerous Illustrations throughout the text. Super 
royal 4to cloth. [Just Published. NefiOiS 

L, B 
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SEA TBRM5, PHRA5B5, AND WORDS 

(Technical Dictionary of) naed in the Eaglish and Frandi Tjingnagiei 
(£nKlidi*FreQch^ Pranch-Sngliah). For the Uie of Seamen, Ensineen, Pilots, 
Shipbuilders. Shipowners, and Ship-brokers. Conpiled by W. Pntsn, late of 
the African Steamship Company. Fcap. 8vo, cloth limp . . S/O 

**Tliis Toluine wfll be falffhly apprsdatad bjr ■Beinwi, mapntmn, phots, ihlplNiBdan and ililp- 
owneis. It will be found wondenullv accunt* and complete.''— -5<««raMi». 

" A very useftil dictiooaiy, which has long been wanted bjr Fiench and Eni^Ui ongtaieets, 
mastefs. officen and aQMn."SMt^ttv W^rUL 



officen and otbefs."— 6A^i'«v' '^•^^ 

ELECTRIC SHIP-LIQHTINQ. 

A Handbook on the Practical Fitting and Running of Shi^' Electrical Plant, 
for the Use of Shipowners and Bnilders, Marine Electricians and Sea-^oing 
Engineers in Charge. Bv T. W. Ukquhart, Author of "Electric Light, 
"Dvnamo Construction, &c. Second Edition, Revised and Extended. 
With numerous Illustrations. Crown 8vo, cloth . * . . . 7/6 

MARINE ENQINEER'5 POCKET-BOOK. 

Consisting of useful Tables and Formulse. By Fjcank Piocroit, A. I.N. A. 
Third Edition. Royal samo, leather 4/0 

** We recommend it to our teadeit as going fax to supphr a long-felt want"— ASna*/ Set€HC€. 
" A moct uieAil companion to all marine engineers"— t/Wrterf Struiet (kumM. 

ELEMENTARY MARINE ENQINEERINQ. 

A Manual for Young Marine Engineers and Apprentices. In the Form of 
Questions and Answers on Metals, Alloys, Strength of Materials, Construction 
and Management of Marine Engines and Boilers, Geometry, &c. With 
an Appendix of Useful Tables. By J. S. Brbwbr. Crown 8vo, cloth 1/6 

" Contains much valuable information for the class for whom it is i tended, especially in the 
chapters on the management of boilers and engines. "-^aMitfca/ Maguttint. 

MARINE ENGINES AND STEAM VESSELS. 

A Treatise on. By Robbkt Murkat, C.E. Eighth Edition, thoroaghly 
Revised, with considerable Additions by the Author and by Gbokgs 
Caklislb, C.E., Senior Surveyor to the Board of Trade at Liverpool. Crown 
8vo, cloth 4/6 

PRACTICAL NAVIGATION. 

Consisting of Thb Sailor's Ska-Book, by Jambs Grbbnwood and W. H. 
RossBR ; together with the requisite Mathematical and Nautical Tables for 
the Working of the Problems, by Henry Law, C.E., and Professor J. R. 
Young. Illustrated, xsmo, strongly half-bound 7/0 

THE ART AND SCIENCE OF SAILMAKING. 

Bv Samuel B. Sadler, Practical Sailmaker, late in the employment of 
Messrs. Ratsey and Lapthome, of Cowes and Gosport. With Plates and 

other Illustrations. Small 4to, cloth 1 2/6 

** This extremely practical work gives a complete education in all the branches of the manu> 

facture, cutting out, roping, seaming, and goring. It is copiousiy illustrated, and will fonn a first* 

rate text-book and gaiaib.— Portsmouth Times. 

CHAIN CABLES AND CHAINS. 

' Comprising Sizes and Curves of Links, Studs, &c., Iron for Cables and Chains, 

Chain Cable and Chain Making, Forming and Welding Links, Strength of 

Cables and Chains, Certificates for Cables, Marking Cables, Prices of Chain 

Cables and Chains, Historical Notes, Acts of Parliament, Statutory Tests, 

Charges for Testing, List of Manufacturers of Cables, &c., &c. By 

Thomas W. Traill, F.E.R.lfT., M.Inst.C.E., Engineer-Surveyor-in>Chiet, 

Board of Trade, Inspector of Chain Cable and Anchor Proving Establishments, 

and General Superintendent Lloyd's Committee on Proving Establishments. 

With numerous Tables, Illustrations, and Lithographic Drawings. Folio, 

cloth, bevelled boards £2 2s. 

" It contains a vast amount of valuable Information. Nothing seems to be wanting to make it 
a cempl*te and standard vork of raferance on the subject. "—'H mu k e m i MmgytMine, 
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THE OIL FIELDS OF RUSSIA AND THE RUSSIAN 

PETROLEUM INDUSTRY. 

A Practical Handbook on the Exploration, Exploitation, and Management 
of Russian Oil Properties, including Notes on the Oriein of Petroleum in 
Russia, a Description of the Theory and Practice of Liquid Fuel, and a 
Translation of the Rules and Regulations concerning Russian Oil Properties. 
By A. Beeby Thompson, A.M.I.M.E., late Chief Engineer and Manager of 
the European Petroleum Company's Russian Oil Properties. About 500 pp. 
With numerous Illustrations and Phot<^;raphic Plates, and a Map of the 
Balakhany-Saboontchy-Romany Oil Field. Super-royal 8vo, cloth. 

[/usi Pttblished, Net £3 3*. 

MACHINERY FOR METALLIFEROUS MINES. 

-A Practical Treatise for Mining Engineers, Metallnrgists, and Managers of 

Mines. By E. Hbnry Davirs, M.E., F.G.S. 600 pp. With Folding Plates 

and other Illustrations. Medium 8vo, cloth .... Net 26/0 

" Deals exhaustiveljr with the many and complex details which go to make up the sum total of 

machinery and other requirements for the successful workin{; of metalliferoas mines, and as a book 

of ready reference is of the highest value to mine managers and directors." — Minif%g y«umal. 

THE DEEP LEVEL MINES OF THE RAND, 

And their Future Development, considered from the Commercial Point of View. 
By G. A. Denny (of Johannesburg), M.N.KI.M.E., Consulting Engineer to 
the General Mining and Finance Corporation, Ltd., of London, Berlin, Paris, 
and Johannesburg. Fully Illustrated with Diagrams and Folding Plates. 

RoyaJ 8vo, bocknun Net 26/0 

" Mr. Denny by confining himself to the consideration of the future of the deep-level mines 
of the Rand breaks new ground, and by dealing with the subject rather from a commercial stand* 
point than from a scientific one, appeals to a wide circle of readers. The book cannot fifiil te prove 
of very great value to investors in South African mines."— AftntV*^ youmaU 

PROSPECTING FOR OOLD. 

A Handbook of Information and Hints for Prospectors based on Personal 
Experience. By Danibl J. Rankin, F.R.S.G.S., M.R.A.S., formerly 
Manager of the Central African Company, and Leader of African Gold Pros- 
pecting Ebcpeditions. With Illustrations specially Drawn and Engraved for 
the Work F'cap. 8vo, leather Net 7/6 

" This well-compiled book contains a collection of the richest gems of useful knowledge for 
the prospector's benefit. A special table is given to accelerate the spotting at a glance of minerals 
associated with gold."— Afimn^ y<mmal. 

THE METALLURGY OF GOLD. 

A Practical Treatise on the Metallnrgical Treatment ot Gold-bearing Ores. 
Including the Assaying, Melting, and Refining of Gold. By M. Eisslbr, 
M. Inst. M.M. Fifth Edition, Enlarged. With over 300 Illustrations and 
numerous Folding Plates. Medium 8vo, cloth .... Net 21/0 



•• ■ 



' This book thoroughly deserves its title of a ' Practical Treatise.' The whole process of gold 
mining, from the breaking of the quartz to the assay of the bullion, is described in dear vdA. ordnly 
narrative and with much, out not too much, fulness of detail "—3«<Mn^> Review, 



THE CYANIDE PR0CE55 OF GOLD EXTRACTION. 

And its Practical Application on the Witwatersrand Gold Fields and elsewhere. 
By M. EissLBft, M. Inst. M.M. With Diagrams and Working Drawings. 
Third Edition, Revised and Enlarged. 8vo, cloth .... NetTIS 

" This book is fust what was needed to acquaint mining men with the actual working of a 
process which is not only the most popular, but is, as a genml rule, the most successful for the 
extraction of gold from uilings."— AftXiff^ youmal. 

DIAMOND DRILLING FOR GOLD & OTHER MINERALS. 

A Practical Handbook on the Use of Modern Diamond Core Drills in Pro- 
specting and Exploiting Mineral-Bearing Properties, including Particulars of 
the Costs of Apparatus and Working. By G. A. Dbnnt, M.N.E. Inst. M.E., 
M. Inst. M.M. Medium 8vo, x68 pp., with Illustrative Diagrams . 1 2/6 
" There is certainly scope for a work on diamond drilling, and Mr. Denny deserves grateftil 
recc^inition for supplying a decided want."— Aft»«N!f youmai, 

B a 
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GOLD ASSAYING. 

A Practical Handbook for Assayers, Bankers, Chemists, Bullion Smelters, 
Goldsmiths, Mining and Metallurgical Engineers, Prospectors, Students, and 
others. By H. Joshua Phillips, F.I.C, F.C.S., A.I.C.E., Author of 
*' Engineering Chemistry," etc. Large Crown 8vo, cloth. 

[fust ready ^ price about 7 IS m'^* 

FIELD TESTING FOR GOLD AND SILVER. 

A Practical Manual for Prospectors and Mineis. Bv W. H. Mbrsitt, 
M.N.E. Inst. M.E., A.R.S.M., Ac With Photographic Plates and other 

Illustrations. Fcap. 8vo, leather Net 5/0 

" As an instructor of prospectors' classes Mr. Menitt has the advantage of knowing 
exactly the information likely to be nwst Taluable to the niner in the fieUL The contents cover 
an the details of sampling and testing gold and silver ores. A uselul addition to a proqiector's 
IdL"— Mining youmal. 

THE PROSPECTOR'S HANDBOOK. 

A Guide for the Prospector and Traveller in search of Meta]«Bearing or other 
Valuable Minerals. By J. W. Anderson, M.A. (Camb.), F.R.G.S. Ninth 
Eldition. Small crown 8vo', 3/6 cloth ; or, lei^er .... 4>/6 

" Win supply a mucb-fatt want, espedaOv among Colonics, In whose way are so often thrown 
many mineralogical specimens the value of vHuch it is difficult to determine."— S»ir<N«er. 

•• How to find commercial nunerals. and how to identtfy them when thnr an faond, aie tiie 
leading points to which attention is directed. The author has managed to pace as much practical 
detail Etto his pages as would supply material for a book three times Its itmtr^MHm ittg ymtrmmi. 



THE METALLURGY OF SILVER. 

A Practical Treatise on the Amalgamation, Roasting, and Liaviation of Silver 

Ores. Including the Assaying, Melting, and Refining of Silver Bullion. By 

M. Eissucs, M.Inst. MM. Third Edition. Crown 8vo, cloth . 10/6 

** A practical treatise, and a technical work wUch we ate convinced will supply a leng4Ut 

want waaaioagsx. practical men. and at the same time be of value to students and oomss indiiectfy 

connected with the industries."— iAw^Mf' youmal. 

THE HYDRO-METALLURGY OF COPPER. 

Being an Account of Processes Adopted in the Hydro-Metallurgical Treat* 

ment of Cupriferous Ores, Including the Manufacture of Copper Vitriol, with 

Chaj)ters on the Sources of Supply of Copper and the Roasting of Copper Ores. 

By M. EissLER, M. Inst. M.M. 8vo, cloth .... AV/12/9 

" In this volume the various processes for the extraction of copper by wet methods are fully 

detailed. Costs are eiven when available, and a great deal of useful iiifomiation about the copper 

industry of the world is presented in an interesting and attractive manner." — Mining youmat, 

THE METALLURGY OF ARGENTIFEROUS LEAD. 

A Practical Treatise on the Smelting of Silver-Lead Ores and the Refining of 
Lead Bullion. Including Reports on various Smelting Establishments and 
Descriptions of Modem Smelting Furnaces and Plants in Europe and America. 
By M. EissLBR, M. InsL M.M., Author of "The Metallurgy of Gold," &c 

Crown 8vo, 400 pp., with 183 Illustrations, cloth 1 2/6 

" The numerous metallurgical processes, which are fully and eitenslvdy treated oC, embrace 

all the stages experienced in the passage of the lead from the various natural states to its issue from 

the refinery as an article of commerce."— /VofAica/ Engineer. 

METALLIFEROUS MINERALS AND MINING. 

By D. C. Davies, F.G.S. Sixth Edition, thoroughly Revised and much 
Enlarged by his Son, E. Hbnrt Daviss, M.E., F.G.S. 600 pp., with 173 
Illustrations. Large crown Svo, cloth Nei 1 2/6 

" Neither the practical miner nor the general reader, fadterested In mines, can have a better 
book for hU companion and his guide."— ^*m*m^ ycurnaL 

EARTHY AND OTHER MINERALS AND MINING. 

By D. C. Daviss, F.G.S., Author of " Metalliferous Minerals," &c Thurd 
Edition, Revised and Enlarged by his Son, E. Hbnrt Davibs, M.E., F.G.S. 

With about xoo Illustrations. Crown Svo, cloth 1 2/6 

" We do not remember to have met with any English work on mining matters that contains 
the same »""«tnt of faifonnation packed in equally convenient form."— w^oMdw^y. 

BRITISH MINING. 

A Treatise on the History, Discovery, Practical Development, and Future 
Prospects of Metalliferous Mines in the United Kingdom. By Robxrt 
Hunt, F.R.S., late Keeper of Mining Records. Upwards of 9so'pp.« with 
•30 Illustrations. Second Edition, Revised. Super*royal Svo, doth £2 2aa 



MINING, METALLURGY, «• COLLIERY WORKING, ir 
POCKBT-BOOK FOR MINERS AND MBTALLURQI5T5. 

Compriang Rnks, Fonnnla, Tables, and Notes for Use in Field and Office 

Work. By F. Danvbbs Power, F.G.S., M.S. Second Edition, Corrected. 

Fcap. 8to, leather 9/0 

"This ei c eDen t book b an admbmble example of hs Und, and ooKht to find a laige sale 
amongst Engfiih-speaking prospectow and mining o^fineers."— f wr^'Mcerfn^. 

THE MINER'5 HANDBOOK. 

A Handy Boc^ of Reference on the subjects of Mineral Deposits, Mining 

Operations, Ore Dressing, &c. For the Use of Students and otners interested > 

in Minii^ Matters. Compiled by John Milnb, F.R.S., Professor of Mining 

in the Imperial University of Japan. Third Edition. Fcap. 8vo, leather 7/6 

" Piofeasor MOne't handbook is sure to be receiTed with iavoiur by all connected with 
mining, and will be extrameiy popular among students^"— ^/A^imtmm. 

IRON 0RE5 of GREAT BRITAIN aod IRELAND. 

Their Mode of Occorrenoe, Age and Origin, and the Methods of Searching for 
and Working Them. With a Notice of some of the Iron Ores of Spain. By 
J. D. Kbndall, F.G.S., Mining Engineer. Crown 8vo, cloth . . 1 6/0 

MINE DRAINAGE. 

A Complete Practical Treatise on Direct-Acting Underground Steam 
Pummng Machinery. By Stbphbn Michbll. Second Edition, Re-written 
and Enlarged. With aso Illustrations. Royal 8vo, cloth JVr/ 25/0 

HORIZONTAL PUMPING ENGINES.— ROTARY AND NON-ROTARY HORIZONTAI. 
ENGINBS.— SIMPLE AND COMPOUND STSAM PUMPS.— VERTICAL PUMPING ENGINES.— 
ROTARY AND NON-ROTARY VERTICAL ENGINES.— SIMPLE AND COMPOUND STEAM 

PUMPS. — triple-Expansion steam Pumps. — Pulsating Steam pumps. — Pump 
Valves.— Sinking pumps, &c, &c 

"This volume contains an Immense amount of Important and interesting new matter. 
The book should undoubtedly prove of grreat use to all who wish for information on the sub- 
ject"— rA* Engineer. • 

ELECTRICITY AS APPLIED TO MINING. 

By Arnold Lupton, M.Inst.C.E., M.I.M.E., M.I.E.E., late Professor of 

Coal Mining at the Yorkshire College, Victoria University, Mining Engineer 

and Colliery Manager; G. D. Aspinall Parr, M.I.E.E., A.M.I. M.E., 

Associate of the Central Technical College, City and Guilds of London, Head 

of the Electrical Engineering Department, Yorkshire College, Victoria 

University; and Herbert Perkin, M.I.M.E., Certified Colliery Manager, 

Assistant Lecturer in the Mining Department of the Yorkshire College, 

Victoria University. With about 170 Illustrations. Medium 8vo, cloth. 

Net 9/0 
(For Summary op Contents, see page 23.) 

THE COLLIERY MANAQER'5 HANDBOOK. 

A Comprehensive Treatise 00 the Laying-out and Working of Collieries, 
» Designed as a Book of Reference for Colliery Managers, and for the Use of Coal 

Mining Students preparing for First-class Certificates. By Calbb Pambly, 
Mining Engineer and Surveyor ; Member of the North of England Institute oi 
Mining and Mechanical Engineers ; and Member of the South Wales Institute 
of Mining Engineers. With 700 Plans, Diagrams, and other Illustrations. 
Fourth Edition, Revised and Enlarged. 964 pp. Medium 8vo, cloth £1 6 a. 

GBOLOGY.— SBARCH FOR COAL.— MINERAL LEASES AND OTHER HOLDINGS.— 

Shaft Sinking.— Fitting Up the Shaft and surface arrangements.— Steam 
Boilers and their Fittings.— Timbering and Walling.— Narrow work and 
Methods of working. — underground Conveyance. — Drainage.— the Gases 
MET with in Mines ; ventilation. — on the Friction op air in Mines. — The 
Priestman Oil Engine; Petroleum and Natural Gas. — Surveying and 

Planning Safety Lamps and Firedamp Detectors.— Sundry and Incidental 

Operations and appliances.— Colliery Explosions.— miscellaneous Questions 

AND answers.— ^/^CfU^ilir; SUMMARY OF REPORT OF H.M. COMMISSIONERS ON 
ACCIDENTS IN MINES. 

" Mr. Pamely's work is eminently suited to the purpose or whiclx it b intended, beingr clear, 
inte i est i n g , eztaaustive, rich \n detail, and up to date, givinsf descriptions of the latest machines in 
every dBpartmcot. A mining engineer could scarcely go wrong who followed this yn3iA."—C«UUty 

" Mr. Pamdy has not only given us a comprehensive reference book of a verv high order 
suitable to the requirements of nuning engineers and colliery managers, but has acso provided 
mining students with a class-book that u as mteresting as it is instructive."— Ctftfteo' Managtr. 

''Thli is the most compleie 'aO-round work on coal-mlnmg published in the fingUsh 
language. ... No Ubrary of coal-mining books Is complete without tX."—C«Uitry Bttgimtr 
(Scrantoo, Pa., U.S.A.). 
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mart of Labour and Wafas, and the diflerent Sjttaflu of Working Coal 
Seams. By H. F. Bolman and R. A. S. Rkdmaymb. 350 VP-t ^nth 
s8 Plates and otlier Illtttratioos, inrlnding Uoder giumid nioiographs. 
Medium 8vo, doth. 1 6/0 

««TMib.lniaed.M»diidfrt»l> Handbook far CoBefyMM^eii. in fact fchmliMfciwiMihto 

adfimct to a CoOiory Managw't odticatkm, as well at bafaie a moat ittefal and i ntewitin g work 

OB the Mibject for all who in any way havo to do wltli coal miunc; The tmder|TOaad photoctaplis 

ara an attiacttvefaatnie of tlM work, being very ttfaiiko and neceMiKty true wipwtwiilariom of tl>e 

■ceoea tiiey depict.''— CW/i^ Cimrdian. 

" Mr. Bulman and Mr. Redmayne, who are both eiperienced CoBery Maaagen of pcie 

Iteiaiy abfiity, are to be coogiatulated on liaving supplied anantlMfitadve *votk deefinr with a ride 

of the subject of coel niinniff wlilch has hitliefto wceiTOd bat scant 

okiddase their text by in wocidcuts and sB plates. BBost of tlie latter r ' 

of plMtopaphs taken nnaeccmind with die aid of tlM 




COAL AND COAL MININQ« 

By the late Sir Waungton W. Smtth, M.A., F.R.S., Chief Inspector of the 
Mines of the Crown and of the Duchy of ComwalL Eighth Edition, Revised 
and Extended hv T. Fosstbs Brown, Mining and Civil Engineer, Chief 
Inqwtor of the Mines of the Crown and of the Dudiy of ComwalL Crown 
8vo, cloth. 8/6 

" As an otttfaie Is given of evetv known coal-fidd in this and other coottlzles, as weBasoftlie 

principal mediods of worUng, the book will donbttass faiteraat a very large nnaiber of seadeck"— 

Mimmf ygmmmi. 

N0TE5 AND FORMUL>C FOR MINING 5TUDENT5. 

By ToHM HsKMAM Mbuvalb. M.A., Late Professor of Mining in the Doiham 

College of Sdenoe, Newcastle-iipon«Tyne. Fourth Edition, Revised and 

Enlarged. By H. F. Bulman, A.M.Inst.CE. Small crown 8vo, cloth. 2/fi 

*' The author has done his work In a creditable manner, and has produced a book that wffl 

be of service to students and those who are practically engaged In mining operatkms."— £»vi<M«rr. 

INFLAMMABLE QAS AND VAPOUR IN THE AIR 

(The Detection and Measurement of). By Frank Clowvs, D.Sc., Lond., 
F.I.C. With a Chapter on Thb Dktbction and Mkasurbmknt op Pbtro- 
LBUM Vapour by Bovxrton Rbdwood, F.R.S.E., Consulting Adviser to the 
Corporation of London under the Petroleum Acts. Crown 8vo. cloth. N0I ff/Q 
*' Professor Clowes has given us a volume on a subject of much industrial Importance . . . 

Those inte r est e d in these nuuten may be recommended to study this book, which Is easy of compee. 

hension and contains many good ttdDgs."-~T/u Enginttr. 

COAL & IRON INDU5TRIE5 of the UNITED KINGDOM. 

Compriang a Description of the Coal Fields, and of the Principal Seams of 
Coal^ with Returns of their Produce and its Dbtribution, and Analvses of* 
Special Varieties. Also, an Account of the Occurrence of Iron Ores in Veins or 
Seams ; Analyses of each Variety ; and a History of the Rise and Progress of 
Pig Iron Manufacture. By Richard Mbadb. 8vo, c1(^ . . £1 8a. 
" Of this book we may unreservedly say that it is the best of Its class which we have ever 

met. ... A book of reference which no one engaged fai the iron or coal trades should omit firam 

his library."— /fVM and Coal Trades Review. 

A5BE5T05 AND A5BE5TIC. 

Their Properties, Occurrence, and Use. By Robbrt H. Jonbs, F.S.A., 
Mineralogist, Hon. Mem. Asbestos Club, Black Lake, Canada. With 
Ten Collotype Plates and other Illustrations. Demy 8vo, doth. . 1 6/0 
** An Interesting and Invaluable waAu"—ColUery Guardian, 

QRANITE5 AND OCR GRANITE INDUSTRIES. 

ByGBORGB F. Harris, F.G.S. With Illustrations. Crown 8vo, cloth 2/6 

TRAVERSE TABLES. 

For use in Mine Surveying. By William Lintbrn, C.E. With two plates. 
Small crown 8vo, cloth ... . . • Ntt 8/0 
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ELECTRICITY, ELECTRICAL 
ENGINEERING, ETC. 



THE ELEMENTS OP ELECTRICAL ENQINEERINO. 

A First Year's Course for Students. Bj Tyson Sbwbll, A.I.E.E., Assistant 
Lecturer and Demonstrator in Electrical Engineerins at the Polytechnic, 
Regent Street, London. Second Edition, Revised, with Additional Chapters 
on Alternating Current Working, and Appendix of Questions and Answers. 
450 pages, with 274 Illustrations. Demy 8vo, cloth. {Just Published. Net TIS 

Ohm's Law.— units Employed in Electrical Encinebring.— series and 
Parallel Circuits ; Current Density and Potential Drop in the Circuit.-.. 
The Heating Effect of the Electric Current.— The Magnetic effect of an 
Electric Current.- The Magnetisation of Iron.— eleci'ro-chemistry: Primary 

BATTBRIES.—ACCUMULATORS.— indicating INSTRUMENTS; AMMETERS, VOLTMETERS, 

Ohmmeters.— Electricity supply meters.— Measuring Instruments, and the 
measurement of electrical resistance. — measurement of potential dlf- 
feeence. Capacity, Current Strength, and Permeability.- Arc Lamps.— incan- 
descent LAMPS; Manufacture and installation; Photometry. — The Con- 
tinuous CURRENT Dynamo.— Direct current motors.— Alternating currents, 
—transformers, Alternators, Synchronous motors.— polyphase Working.— 
APPENDIX OF Questions and Answers. 

"An excellent treatise for students of the elementary facts connected with electrical 
engineering'"— 7*A< Electrician. 

"One of the best books for those commencing the study of electrical engineering^. Every- 
thing is explauned in simple lanjptafe which even a beginner cannot fail to understand." — Engineer. 

" One welcomes this book, which is sound in its treatment, and admirably calculated to pve 
students the knowledge and information they most require."— A'a/Mrr. 

CONDUCTORS FOR ELECTRICAL DISTRIBUTION. 

Their Materials and Manufacture, The Calculation of Circuits, Pole-Line 

Construction, Underground Working, and other Uses. By F. A. C. Pbrrink, 

A.M., D.Sc. ; formerly Professor of Electrical Engineering, Leland Stanford, 

Jr., University ; M.Amer.LE.E. 8vo, cloth. [Just Published. Net ^Ql* 

Conductor Materials— Alloyed Conduci'ors— Manufacture of Wire— 
Wire-Finishing— Wire insulation— Cables— Calculation of Circuits— Kelvin's 
Law OF ECONOMY IN conductors— Multiple Arc Distribution— alternating 
Current Calculation— Overhead Lines— Pole Line— Line Insulators— Under. 
ground Conductors. 

WIRELE55 TELEGRAPHY; 

Its Origins, Development, Inventions, and Apparatus. By Charles Henry 
Sbwall. With 85 Diagrams and Illustration.s. Demy Svo, cloth. 

[Just Published. Net 10/6 

ARMATURE WINDINGS OP DfRECT CURRENT 

DYNAMOS. 

Extension and Application of a General Winding Rule. By E. Arnold, 
Engineer. A.ssbtant Professor in Electrotechnics and Machine Design at the 
Riga Polytechnic School. Translated from the Original German by Francis 
B. Db Grbss, M.E., Chief of Testing Department, Crocker-Wheeler Com- 
pany. With 146 Illustrations. Medium Svo, cloth . . . Air/ 12/ ~ 

ELECTRICITY AS APPLIED TO MINING. 

By Arnold Lupton, M.Inst.C.E., M.I.M.E., M.I.E.E., late Professor o 
Coal Mining at the Yorkshire College, Victoria University, Mining Engineer 
and Colliery Manager; G. D. Aspinall Parr, M.I.E.E., A M.I.M.E., 
Associate of the Central Technical College, City and Guilds of London, Head 
of the Electrical Engineering Department, Yorkshire College, ViciCHria 
University; and Hbrbbrt Pbrkin, M.I.M.E. Certificated Colliery Manager, 
Assistant Lecturer in the Mining Department of the Yorkshire College, 
Victoria University. With about 170 Illustrations. Medium Svo, cloth. Net 91 ~ 

introductory. — DYNAMIC ELECTRICITY. — DRIVING OF THE DYNAMO. — THE 
STEAM TURBINB.—DISTRIBUTION OF ELECTRICAL ENERCY.—STARTINC AND STOPPING 

Electrical GENERATORS and Motors.— Electric Cables.— Central electrical 
Plants.— Electricity applied to pumping and Hauling.— Electricity applied 
to Coal-Cutting.— Typical Electric Plants Recently Erected. — Electric 
lighting by arc and glow lamps— miscellaneous applications of electricity 

—electricity as compared with OTHER MODBS OF TRANSMITTING POWER.— 

Dangers of ELECTRicrrv 
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DYNAMO, MOTOR AND SWITCHBOARD CIRCUITS 

POR ELECTRICAL ENOINBERS. 

A Practical Handbook dealing with Direct, Alternating and Polyphase 
Current!. Ry William R. Bowkbr, C.E.. M.E.* E.E., L«:tarer on Physics 
and Electrical Engineering at the Muniripal Technical School, Eury. 8vo, 
cloth. i/'tsi rtady, price mbimt 6 O net 

DYNAMO ELECTRIC MACHINERY: its CONSTRUC- 
TION. DESIGN, and OPERATION. 

By Samubl Shblx>on, A M., Ph.D , Professor of Physics and Electrical 
Engineering at the Polytechnic Institute of Brooklyn, assisted by Hobart 
Mason, BS. 

In two vo/waus, scld uparately^ as follows : — 

Vol. I.— DIRECT CURRENT MACHINES. Third Edition, Revised. Large 

crown 8vo. a8o pages, with aoo lUustratians Net 1 2/0 

Vol. II.—ALTERNATING CURRENT MACHINES. Large crown 8vo. 360 

pages, with 184 Illustrations ...... Net 1 2/0 

Dasiffiied as Text -books for use in Technical Educatioaal Institutions, and by Engineers 
whose work includes the handJing of Direct and Alternating Current Machines respectirdjr, and 
for Students proficient in mathematics. 

ELECTRICAL AND MAGNETIC CALCULATIONS. 

For the Use of Electrical Engineers and Artisans, Teachers, Students, and all 
others interested in the Theory and Application of Electricity and Magnetism. 
By a. a. Atkinson, Professor of Electricity in Ohio University. Crown 8vo, 

cloth Net 9/0 

" To teachers and those who already possess a ftir knowledse of their subject we can recom- 
mend this book as beinf; useful to consult when requiring data or rotmulae which it is neither con- 
venient nor necessary to retain by memory." — The Etectricutn, 

SUBMARINE TELEQRAPH5. 

Their History, Constmction, and Woridng.^ Founded in part oa WOnschkn- 
dorff's " Traitd de Telegraphic Sous-Marine," and Compiled from Authorita- 
tive and Exclusive Sources. By Chakub Bught, F.R.S.E., A.M.Inst.C.E., 
M.I.S.E. 780 pp., fully lUnstrated, including Maps and Folding Plates. 
Royal 8vo, cloth Net £3 3«, 

" There are few. If any. pe r sons more fitted to write a treatise on submarine telegiaphy than 
Mr. Charles Brifrht. He has done liis work admirably, and has written in a way which will 
appeal as much to the lasrman as to the engineer. This admirable volume must, for many years to 
come, hold the position of the English cla^ic on submarine telegraphy." — Engineer. 

" This book is full of information. It makes a book of reference which should be in every 
engineer's library." — Nature. ^ 

" Mr. Bright's interestingly written and admirably Hlostiated book will nteet with a wdcome 
reception from cable men.**— ^MeMMan. 

" The author deals with his subject from all points of Hew— political and strategical as well as 
scientific. The work will be of interest, not only to men of science, but to the general public We 
can strongly recommend ^sJ'-^Atketuntiiu 

THE ELECTRICAL ENQINEER'5 POCKET-BOOK. 

Consisting of Modem Rules, FormnUe, Tables, and Data. By H. R. Kbmpb, 
M.I.E.E., A.M.Inst.C.E., Technical Officer Postal Telegraphs, Author of 
"A Handbook of Electrical Testing," &c. Second Edition, thoroughly 
Revised, with Additions. \^th numerous Illustraticxu. Royal samo, oblong, 
leather 5/0 

*' It Is the best book of its VanArsiectricttl Engineer. 

" The Electrical Engineer's Pocket-Book is a good oaio."-~SteeMciaM. 

" Strongly recommended to those engaged In the electilcal Indnstries."— f iSrcM^/ Review, 

POWER TRANSMITTED BY ELECTRICITY. 

And applied by the Electric Motor, including Electric Railway Construction. 
By P. Atkinson, A.M., Ph.D. Third Edition, Fully Revised, and New 
Matter added. With 94 Illustrations. Crown 8vo, doth . . Net 9/0 

DYNAMIC ELECTRICITY AND MAGNETISM. 

By Phiup Atkinson, A.M., Ph.D., Author of "Elements of Static 
Electricity," &c. Crown 8vo, 4x7 pp., with zao Illustrations, cloth . 10/6 
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THE MANAGEMENT OP DYNAM05. 

A Haadybodc of Theory and Practice for the Use of Mechanics, Engineers, 
Students, and others in Charge of Dynamos. By G. W. Lummis-Patbksgm. 

Third Edition, Revised. Crown 8vo, cloth 4/6 

" An example which deserves to be taken as a model by other authors. The subject is treated 
In a manner whlcn any inteUig^t man who is fit to be entrusted with chargpe of an eng[ine should 
be able to understand. It is a useful booic to all who malce, tend, or employ electric machinery." 

THE STANDARD ELECTRICAL DICTIONARY. 

A Popular Encyclopaedia of Words and Terms Used in the Practice of Electrical 
Engineering. Containing upwards of 3,000 definitions, By T. O'Conor 
Sloanb, A.M., Ph.D. Thira EUiition, with Appendix. Crown 8vo, 690 pp., 

390 Illustrations, cloth ^et 7/6 

"The woric IMS many attractive features In It, and Is, beyond doubt, a weD put together and 
useful publication. The amount of nound cevered may be gathered from the fact that ba the index 
about 5,000 references will be foaadJ'—BUctHtmi Rtviem. 

ELECTRIC LIGHT FITTINQ. 

A Handhook for Working Electrical Engineers, embodying Practical Notes on 
Installation Management. By J. W. Urquhart, Electrician, Author of 
" Electric Light," &c. With numerous Illustrations. Third Edition, Revised, 

with Additions. Crown 8vo, cloth 6/0 

"This volume deals with the mechanics ot dectric lighting, and Is addressed to men who 
are already engaged in the work, or are training for it. The work traverses a great deal of ground, 
and may oe read as a aequti to the author's useful work on ' Electric lAjf^t. —EUctricUin. 

" The book is well worth the perusal of the workman, for whom it is written."— J5'/«r/nVa 

ELECTRIC LIGHT. 

Its Production and Use, Embodying Plain Directions for the Treatment of 
Dynamo-Electric Machines, Batteries, Accumulators, and Electric Lamps. 
By J. W. Urquhart, C.£. Sixth Edition, Enlarged. Crown 8vo, cloth. 

7/6 

**The whole ground of electric Ughting Is more or less covered and explained in a very disar 
and concise manner. "—Mitctrictii Rtview. 

*' A vademteum of the salient facts connected with the science of electrk: lighting. "— 
BlecMcian. 

DYNAMO CONSTRUCTION. 

A Practical Handbook for the Use of Engineer-Constructors and Electricians* 

tn-Charge. Embracing Framework Building, Field Magnet and Armature 

Winding and Grouping, Compotmding, &c. By J. W. Urqdhart. Second 

Edition, Enlarged, with 1x4 Illustrations. Crown 8vo, cloth . 7/6 

" Mr. Urquhart's book is the first one which deals with these matters in such a way that the 

engineering student can understand them. The book is venr readable, and the author leads his 

readers up to difficult subjects by reasonably simple tasu."—£tigineerinf JUuiem. 

ELECTRIC 5HIP-LIQHTINQ. 

A Handbook on the Practical Fitting and Rtmning of Ships' Electrical Plant. 
For the Use of Shipowners and Builders, Marine Electricians, and Seagoing 
Engineers-in-Charge. By J. W. Urquhart, C.E. Second Edition, Revised 
and Extended. With 88 Illustrations, Crown 8vo, cloth . . 7/6 

"The subject of ship electric lighting is one of vast importance and Mr. Urquhart is to be 

highly complimented for placing such a valuable work at the service of marine electricians."— 7%« 

Steamsh^. 

ELECTRIC LIQHTINQ (ELEMENTARY PRINCIPLES OF). 

By Alan A. Campbell Swinton, M.InstCE., M.I.E.E. Fifth Edition. 
With x6 Illustrations. Crown 8vo, cloth 1/6 

ELECTRIC LIGHT FOR COUNTRY H0U5E5. 

A Practical Handbook on the Erection and Running of Small Installations, 
with Particulars of the Cost of Plant and Working. By J. H. Knight. 
Third Edition, Revised. Crown 8vo, wrapper . . . . . 1 /Q 

HOW TO MAKE A DYNAMO. 

A Practical Treatise ioc Amateurs. Containing Illustrations and Detailed 
Instructions for Constructing a Small Dynamo to Produce the Electric Light. 
By Alprbd Crofts. Sixth Edition, Revised. Crown 8vo, cloth . 2/0 

THE STUDENT'S TEXT-BOOK OF ELECTRICITY. 

By H. M. NoAO, F.R.S. 650 pp., with 470 Illustrations. Crown 8vo, cloth. 

9/0 
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PRACTICAL BUILDING CONSTRUCTION. 

A Hjmdbook fits Steions PMpvmg far W,nmmfvm, and a Book of 
Reference for Persoos Enfased m Kukyn^ Bjr Jotm PAassu. Almmk, 
S ut fe yta , Lecturer on Boikync C uuaUatu on at the Dnrfaaa CoD^e of 
ScirncT, Neivcastle-oii-Tyne. Fouxtfa Kdilinn, Reriaed and EnLvsed. 
Medinm 8iro, 570 pp., with x,ooo Ittnatntions, doth. 

ijMst PubUsJud. I^ftJlS 





PRACTICAL MA50NRY. 

A Goide to the Art of Stooe Cnttmc. Compraing the ConstroctiaB, Setting 
Out, and Working of Stairs, Circalar Work, Arches, Nkhes, Doses, Fenden- 
ti^es. Vanity Tncery Windows, ftc. ; to which are added Supplements 
relating to Masonry Estimating and Qaantity Sorveying, and to Building 
Stones, and a Glosssry of Terms. For the Use of Stodents, liawaw, and 
other Workmen. By Wuxiam R. Pubchasb, Building Iiwpw:t«w to the 
Borongh of Hove. Fourth Edition, Enlarged. Royal 9m, arc pp., with 
5a Lithographic Plates, comprising over 400 Diagrams, doth. 

[Jmst PmbUslUd, Ifti 71B 
"Mr. Puchase's 'PwctfcaJMasBMT'wBaadoubteJl* be ftxad ueAd to al 
aibiM|w>ftattaabJect.whcthar th eo«e tfca ayociiwK:tfcally. Most of tke eaafiics ^ 
aKtnal woik carried oat, the dtagiaans heutf^ carefully doiwa, Tke bcMik li a poetical 
flie M bject, the anthor hiiiadf hanrhy c o minn i ir nl as «i opiatfae imn i i . a»i ato w awis a cted as 
fofeniaa ma^on on ouutw laige anaimpMtaBt boiU lings prior to the attahnaeat of his peeaent 
pos i tko. It should be taaad of gf i i e nl atgty to awtntwtnra l Und e ots and othcg> as weBas to 
those to whooi it is speckAf add iewe d."— y «i ii im/ ^At Xagfml Mamttn ^Brmtk ArtkOmtt. 

MODERN PLUMBING, 5TEAM AND HOT WATER 

HEATINO. 

A New Practical Work for the PInmher, the Heating Engineer, the Architect, 
and the Builder. By J. J. Lawler, Author of " American Sanitary Numbing," 
&c With 284 IDtistratums and Folding Plates. 4to, doth . iVk/ 21/- 

HEATINO BY HOT WATER, 

VENTILATION AND HOT WATER 5UPPLY. 

By Walter Jones, M.LM.E. 340 pages, with 140 Illustraticxis. Royal 8vo, 
cloth. i/ust PwMisJud. Net 6/0 

CONCRETE: ITS NATURE AND U5ES. 

A Book for Architects, Boilders, Coatiactors, and Qerks of Works. By 
Gbosgs L. Sutcxjffb, A.R.I.BA. 350 pp., with lUnstrations. Grown 
8vD, cloth 7/6 



*' The anthor treats a <fifficult subject In a bcid manner. The nannal fiOs a ksog-felt np. 
It If cafefiil and exhansthre ; eqaalljr nse£il as a student's pade and an architect's book of 
"—y^MTMol ^tke Rcyal JnstUiae tff British ArdMstU. 



LOCKWOOD'S BUILDER'5 PRICE BOOK for 1904. 

A ComprdiensiTe Handbodc of the Latest Prices and Data far Builders, 
Architects, Engineers, and Contractors. Re<onstrQCted, Re-written, and 
Greatly Enlarged. By FsAMas T. W. Miuunt. 800 dosely-printed pases, 
crown 8yo, doth . . .... .... 4/0 

*' This book b a vety useful one, and should find a place in evety EagHsh office connected 
with the building and eMmeeiing p K ofewinnt . "— /wdbrtrto. 

** An f» ^TH V»« r book qf wrferenre, "—Ar<h4tKt, 

" la hs new and revised focm this Price Bo(A b what a woric of thb kind shotddbe-compTO- 
hemlve. icHaUe, weDanaoged. legible, and well boand."-^rM{rA^«vMiatf. 

DECORATIVE PART OP CIVIL ARCHITECTURE. 

By Sir William Chambkss, F.R.S. With Portrait, Illnstrations, Notes, and 
an Examination op Gkbcian Akchitsctukb, by Jossph Gwilt, F.S.A. 
Revised and Edited by W. H. Lbsos. 66 Pbues, 4to, doth . 21/0 
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THB MECHANICS OP ARCHITECTURE. 

A Treatise 00 Applied Mechenics, especially Adapted to the Use of Architects. 
By E. W. Tarn, M.A.. Author of ^ The Science of Building," &c. Second 
Edition, Enlarged. Illustrated with 135 Diagrams. Crown 8vo, cloth 7/6 
'* The book is a vny useful and helpful manual of architectural mechanics. "—Builder, 

A HANDY BOOK OP VILLA ARCHITECTURE. 

Bein^ a Series of Designs for Villa Residences in various Styles. With 
Outline Specifications and Estimates. By C. Wickbs, Architect, Author of 
" The Spires and Towers of England," &c. 6z Plates, 4to, half>morooco, gilt 

edges £1 lit. 6d. 

** The whole of the dedgns bear evidence of their being the work of an artistic arcliitect, and 
thejr win prove Teiy valuable and 9aggpsAy^"'-^uiidistg Ntrnts. 

THE ARCHITECTS GUIDE. 

Being a Text-book of Useful Information for Architects, Engineers, Surveyors, 
Contactors, Clerks of Works, &c., &c By F. Rogbks. Crown 8vo, cloth. 

3/6 

ARCHITECTURAL PERSPECTIVE. 

The whole Course and Operations of the Draughtsman in Drawing a Large 

House in Linear Perspective. Illustrated by 43 Foldii^ Plates. By F. O. 

Fksguson. Third Editioo. 8vo, boards 3/6 

" It is the most fatteOiKlble of the traatlaet on this ill-treated mbject that I have met with."— 
E. INGRBSS BBLL. ESQ., In the ^./.^.^. y^ttmal, 

PRACTICAL RULES ON DRAWING. 

For the Operative Builder and Young Student in Architecture. By Gborgb 
PvNB. 14 Plates, 4to, boards 7/6 

MEASURING AND VALUING ARTIFICERS' WORK 

(The Student's Guide^ to the Practice oQ* Containing Directions for taking 
Dimensions, Abstracting the same, and bringing the Quantities into Bill, with 
Tables of Constants for Valuation of Labour, and for the Calculation of Areas 
and Solidities. Originally edited by £. Dobson, Architect. With Additions 
by £. W. Tarn, M.A. Seventh Edition, Revised. With 8 Plates and 
63 Woodcuts. Orown 8vo, cloth 7/6 

" This edition will be found the most complete treatise on the principles of measuring and 
valuing artificers' worlc that has yet been published."— £m»&/«^ News, 

TECHNICAL GUIDE, MEASURER, AND ESTIMATOR. 

For Builders and Surveyors. Containing Technical Directions for Measuring 
Work in all the Building Trades, Complete Specifications for Houses, Roads, 
and Drains, and an Easy Method of Estimating the parts of a Building 
collectively. By A. C. Bbatom. Ninth Edition, waistcoat-pocket size, 

gilt edges 1/6 

" No builder, architect, surveyor, or vabier should be without his ' Beaton. ' "~SuiUUti£ News. 

SPECIFICATIONS FOR PRACTICAL ARCHITECTURE. 

A Guide to the Architect, Engineer, Surveyor, and Builder. With an Essay 
on the Structure and Science of Modem Building Upon the Basis of the 
Work by Alfred Bartholomew, thoroughly Revised, Corrected, and greatly 
added to by Frederick Rogers, Architect. Third Edition, Revised. 8vo, 

cloth 16/0 

"The work b too wdl known to need any recommendation firom us. It is one of the books 
with which eveqr young aichitect must be tqfJippeA."— Architect, 

THE HOUSE-OWNER'S ESTIMATOR. 

Or, What will it Cost to Build. Alter, or Repair? A Price Book for Un- 
professional People as well as the Architectural Surveyor and Builder. By 
J. D. Simon. Edited by F. T. W. Miller, A.R.I.B.A. Fifth Edition. 

Carefully Revised. Crown Bvo, cloth AV/ 8/6 

** In two yean It wOl repay Its cost a hundred times over."— Field. 
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SANITATION AND WATER SUPPLY. 



THE HEALTH OFFICER'S POCKET-BOOiC. 

A Guide to Sanitary Practioe and Law. For Medical Oflken of Health, 
Sanitary Inspectors, Members of Sanitary Antborities, he By Kdwako 
F. WiLLOUGHBT, M.D. (Lood-X ftc Second Edition, Revised and Enlareed. 
Fcap. 8vo, leather N€t 10/6 

" It is a mine of condensed information of a pertinent an 1 useful kind on the rarioas sobjects 
of whidi it treats. Tbe didierent subjects are succinctly but fuUy and scientific iJly dealt vith.' — 
The Lanctt. 

" We recommend aO those engaged In practical sanitary work to fiimish thiimiiilirT witb a 
copy for r e fer ence. "—Aiiixtory yoMmai. 

THE BACTERIAL PURIFICATION OF 5EWAQE: 

Bebg a Practical Account of the Various Modem Biol'Sgical Methods of 
Pttrifyins Sewage. By Sidnkv Barwisb, M.D. (Lond), D.P.H. (Camb.), 
etc. With ID Page Plates and 2 Folding Diagrams. Royal 8vo, doth. 

Net 6/0 

THE PURIFICATION OP SEWAGE. 

Being a Brief Aoooont of the Sdendfic Principles of Sewage Purification, and 
their Practical Applicatioa. By Smmnr Barwisb, M.D. (Lond.X M.R.CS., 
D.P.H. (Camb.), FeUow of the Sanitary Institute, Medical Officer of Health 
to the Derbyshire County Council. Crown 8vo, cloth .... fi/O 

WATER AND IT5 PURIFICATION. 

A Handbook for the Use of Local Authorities, Sanitary Officers, and others 
interested in Water Supply. By S. Ridbal, D.Sc. Lond., F.I.C Second 
Edition, Revised, with Additions, including numerous IIlttstrati<»s and Tables. 
Large Crown 8vo, cloth Net 9/0 

RURAL WATER SUPPLY. 

A Practical Handbo<^ on the Sap^ of Water and Construction of Water- 
works for Small Country Districts. By Allan Gskbnwbll, A.M.I.C.E., 
andW. T. Cuskt, A.M.I.CE. Revised Edition. Crown 8vo, cloth 6/0 

THE WATER SUPPLY OF CITIE5 AND TOWNS. 

By WiLUAM HuMBKR, A.M. Inst. C.E., and M.Inst. M.E. Imp. 4to, half- 
bound morocco. (See page xx.) Net £6 6S« 

THE WATER SUPPLY OF TOWNS AND THE CON- 
STRUCTION OF WATBR-WORiCS. 

By Profsssor W. K. Burton, A.M. Inst. C.E. Second Editi<Hi, Revised 
and Extended. Royal Svo, doth. (See page xa) .... £1 fis. 



WATER ENQINEERINQ. 

A Practical Treatise on the M« 

tion of Water for the Supply of Towns. By C. Slagg, A.M. Inst. CE. 7/6 

SANITARY WORK IN SMALL TOWNS AND YILLAQES. 

By Charlss Slagg, A. M. Inst. CE. Crown Svo, doth , 8/0 



A Practical Treatise on the Measurement, Storage, Conve3rance, and Utilisa> 
" " - - - .M. Ib - - 



PLUMBING. 

A Text-book to the Practice of the Art or Craft of the Plumber. By W. P. 
BuCHAN. Ninth Edition, Enlarged, with 500 Illustrations. Crown 8vo, S/6 

VENTILATION. 

A Text-book to the Practice of the Art ofVentflaring BoildtBgs. By W. P. 
BocHAN, R.P. Crown 8vo, doth 8/6 



CARPESTSr. TIMBER, St. i 

CARPENTRY, TIMBER, ETC. 
THE ELEMENTARY PRINCIPLES OF CARPENTRY. 



WOODWORKINQ MACHINERY. 

lu Ri», Projim, ud Connma™. With Hbtl on the M««genitnl 

MiU* uhI the Ecoaamjciil CoDvEniiia of TimbEr. Illiutm«l with £j»ziiplet 
of Kcont Dcnioi by icmdmg EngLiih, Fnndi, ud AmoHcao Edphcj- "- 
H. Powu Balb, A.M.I1U1.C.K., M.I.M.k Second Kdition, £ 






Thar AnuigeiDcnl aod MuiageRunt, jmd the Ecor 
Umber. Br M. Fowls Baiji, A.U.In«.C.E. " 

Crown Sto, cloth. 



THE CARPENTER'S QUIDB. 

Or. Book of Lines (a CaipeDIen ; comprinng all tbe Eitmeouij Prindplei 
eHHUUl for icquiring t knowledge ot C»rpenlry. Founded on ibe luc P«T«R 
NiCKOlsOh's stmdud wDik. A tfewEditioa, ReruedbyAKTHUItAsKnTBL, 
F.5.A. Together with Prsctiol Rulu od Dnwiog, by Geoice PrMt. 
With 74 Plus, 410, dotb £1 1«. 

A PRACTICAL TREATISE ON HANDRAILINQ. 

Showing New and Simple Mrthods for Finding the Pilch of the Plank, Drawing 
the Moulds, Berelling, JoinlLng-up, and Sqnaring the Wreath. B7 GeoiGB 
Cot4JNOS. Revised and Erdarged, u which is added A Tbkatise on 
STjtii-iuiLDiHa. Third Edidon. with Plates and Diagrams, igmo, cloth. 
2/B 
" win li« taaod oTpruHcil uHUtr (n tbe «eciitl«i ofthli difliculL bnnch •HirAntrj.-'^amidtt. 




CIRCULAR WORK IN CARPENTRY AND JOINERY. 

A Pncticid Treatise on Grcular Woik of Single and Double Ctuvanue. Bt 
GeOECE C0U.INGS. With Diagrams. Fourth Edition, iimo, doth . 2/6 
- An BiceOflDt Bnmide of whit a hook of this Und ihookl bs. Cheap In pclu, cUaf la 
definition, ud pracUcai \u the examirlu iclecied."— Aii^,^. 

THE CABINET-MAKER'S GUIDE TO THE ENTIRE 

CONSTRUCTION OP CABINET WORK. 
By Richard Bithead. Illuslraied with Flani, Sections and Working 
Dnwings. Crown Bvo, doth . 2/Q 
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HANDRAILINQ COMPUBTB IN BIOHT LBS80N8. 

Od the Square-Cat System. By T. S. Golotroxp, Teacher of Geometry 
and Building Construction at the iialilas Mechanics' Institute. With Kigfat 
Plates and over 150 Practical Exercises. 4to, doth .... 8/6 

'♦ Likely to be of qaMMewbie rtkm to Jnlaww aad olhHS who tike a pride la good 
Tbeamacemeatoftliebook b eaoellHiL We heertfly rnwiil It te f 
Tim ttr Trmdt* jrtmmmL 



TIMBER MERCHANrS and BUILDER'S COMPANION. 

Containing New and Copious Tables of the Reduced Wewht and Measure- 
ment of Deals and Battens, of all sixes, and other Useful Tables for the use of 
Timber Merchants and Builders. By William Dowsing. Fourth Edition, 

Revised and Corrected. Crown 8vo, cloth 3/0 

"We an ^lad to see a fotuth edidoa of these adndnble tables, which for ronectiw and 
afanplicitjr of anangeiiient leave nothing to be dmknd." — Timitr Trmdes ymmtmL 

THE PRACTICAL TIMBER MERCHANT. 

Being a Guide for the Use of Building Contractors, Surveyors, Builders, ftc, 
comprising useful Tables for all purposes connected with the Timber Trade, 
Maries of Wood, Essay on the Strength of Timber, Remarks on the Growth of 
Timber, &c. By W. Richardson. Second Edition. Fcap. 8vo, cloth . 3/6 

" This haody manual contafais much valuable hifomatioB lor the use of timber marchants, 
builders, foresters, and aD others connected with the growth, sale, and manufcctuie of tlBbec"— 

PACKING-CASE TABLES. 

Showing the number of Superficial Feet in Boxes or Packii4(<Cases, from six 

inches square and upwards. By W. Richasdson, Timber Broker. Third 

Edition. Oblong 4to, doth 3/6 

" Invaluable labour-saving tables. "—/rwfiivMPV*''' 
" Will s«ve much labour and calculation. "—Croc^f. 

GUIDE TO SUPERFICIAL MEASUREMENT. 

Tables calculated from x to aoo inches in length b^ x to xo8 inches in breadth. 
For the use of Architects, Surveyors^ Engineers, Timber Merchants, 
Builders, &c. By Jamks Hawkings. Fifth Edition. Fcap., doth. 3/6 

" These tables win be found of great awlsrance to all who require to make rairiilations of 
superficial measurement."— £'nf/(>A Mechanic. 

PRACTICAL FORESTRY. 

And its Bearing on the Improvement of Estates. By Crakues E. Curtis, 
F.S.I., Professor of Forestry, Field Engineering, and General E^ate 
Management, at the College of Agriculture, Downton. Second Edition, 

Revised. Crown 8vo, cloth 3/6 

Prefatory Remarks. — Objects op PuurriNC. — Choice of a Forester.— 
Choice of soil and Site.— Laying out of Land for plantations.— Prbparatioh 
OF THE Ground for planting.— Drainage.— Planting.— Distances and Distri- 
bution OF TREES IN PLANTATIONS.— TREES AND GROUND GAME.— ATTENTION AFTER 

PLANTING.— Thinning of Plantations. — Pruning of Forest Trees.— Realization. 
—Methods of Sale.- Measurement of Timber.— Measurement and Valuation 
of Larch Plantation.— Fire Lines.— Cost of planting. 

" Mr. Curtis has in the course of a series of short frfthy chapters afforded much informa- 
tion of a useful and practical character on the planting and subsequent treatment of trees.*— 
Illustrated Carpenter and Builder. 

THE ELEMENTS OF FORESTRY. 

Designed to afford Information concerning the Planting and Care of Forest 
Trees for Ornament or Profit, with suggestions upon the Creation and Care of 
Woodlands. By F. B. Hough. Large crown 8vo, cloth .1 0/O 

TIMBER IMPORTER'S, TIMBER MERCHANTS, AND 

BUILDBR'S STANDARD QUIDB. 

By Richard £. Grandv. Comprising :— An Analvas of Deal Standards, 
Home and Foreign, with Comparative Values and Tabular Arrangements for 
fixing Net Landed Cost on Baltic and North American Deals, including all 
intermediate Expenses, Freight, Insuranoe2&c. ; together with copious Informa- 
tion for the Retailer and Builder. Third Kdition, Revised, lamo, cloth 2/0 

" Eversrthine it pretends to be : built up graduaDy, it leads one from a forest to a treenail, and 
throws in, as a makeweig^ht, a host of material concenung bricks, cohunns, ci s t era s , tecJ'—Bnftisk 
Mechanic, 
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DECORATIVE ARTS, ETC. 



5CH00L OP PAINTING POR THE IMITATION OP 

WOODS AND MARBLBS. 

As Tanght and Practtaed by A. R. Van dbr Burg and P. Van dbr Burg, 
Directora of the Rotterdam Painting Institution. Royal folio, x8| by za^ in., 
Illustrated with 34 full-sise Coloured Plates ; also za plain Plates, comprising 
X54 Figures. Fourth Edition cloth . [/ust Published. Net £1 6s. 

List op Platbs. 
z. Various Tools Rbquirbo for wood painting.— «, 3. walnut; preliminary 
stages op graining and finished specimen. — 4. tools used por marble 
Painting and method op manipulation.— 5, 6. St. Remx Marble; Earlier 
operations and finished specimen. — 7. methods op sketching dippbrent 
grains, knots, &c.— 8, > ash: preliminary stages and finished speci* 

MEN. — 10. METHODS OP SKETCHING MARBLE GRAINS. — ZZ, zs. BRBCHE MARBLE ; 

Preliminary stages op working and finished specimen.— z> Maple ; Methods 
OP Producing the Dipperbnt grains.— z4, zj. Bird's-eye maple; preliminary 

STAGES AND FINISHED SPECIMEN.— z6. METHODS OP SKETCHING THE DiPPBRBNT 

Species op White Marble.— z7. zS. wnrrE Marble ; preliminary stages op 

PROCESS AND FINISHED SPECIMEN.— Z9. MAHOGANY ; SPECIMENS OP VARIOUS GRAINS 
AND METHODS OP MANIPULATION. — «, SZ. MAHOGANY ; EARLIER STAGES AND 
FINISHED SPECIMEN.— a*. 93. a4. SlENNA MARBLE: VARIETIES OP GRAIN. PRELIMINARY 
STAGES AND FINISHED SPECIMEN.—^ 16. Vf. JUNIPER WOOD; METHODS OP PRO- 
DUCING GRAIN. &C ; PRELIMINARY STAGES AND FINISHED SPECIMEN.— aB, ao, ja VERT 
DE MER MARBLE; VARIETIES OP GRAIN AND METHODS OP WORKING, UNPINISHBD 
AND FINISHED SPECIMENS.— 3Z, 9s. 33. OAK ; VARIETIES OP GRAIN, TOOLS EMPLOYED 
AND METHODS OP MANIPULATION, PRELIMINARY STAGES AND FINISHED SPECIMEN.— 
94, 3S. 36. WAULSORT MARBLE; VARIETIES OP GRAIN, UNFINISHED AND FINISHED 
SPECIMENS. 

" Tbow wbo derize to attain sUU In the ait of painting iroods and martites will find adTantage 
In consulting this book. . . . Some of the WoiUng Men's Clubs should give their young men 
the opportunity to study iL"—BuiUUr. 

" A comprehensive guide to die ait. The eatplanations of the processes, the manipulation 
and management of the cokHiti, and tlie beatitlfkilly eancuted plates wUl not be the least valuable to 
the student who aims at making bis work a fidthiul transcript of nature."— iffM^Mta^r iVnvf. 

*' Students and novices aie foitunate who aze able to become the posiessow of so noble a 
wcKk."—rkt ArckUia, 

ELEMENTARY DECORATION. 

A Guide to the Simpler Forms of Everyday Art. Together with PRACTICAL 
HOUSE DECORATION. Bv James W. Facet. With numerous Illus- 
trations. In One Vol., strongly half-hotmd ••..•. 0/0 

HOUSE PAINTING, QRAININO, MARBLINQ, AND 

SIGN WRITINQ. 

A Practical Manual of. By Ellis A. Davidson. Eighth Edition. With 

Coloured Plates and Wood Engravings. Crown Svo, doth . . . 6/0 

" A mass <tf information of use to the amateur and of value to the practical vaarL."^Bn£lisk 
MtcManic 

THE DECORATOR'S ASSISTANT. 

A Modem Guide for Decorative Artists and Amateurs, Painters, Writers, 
Gilders, &c. Containing upwards of 600 Receipts, Rules, and Instructions ; 
with a variety of InfOTmation for General Work connected with every Class of 
Interior and Exterior Decorations, &c. Eighth Edition. Cr. 8vo . 1 /Q 

** Full of receipts of value to decorators, painters, gilders, &c. The book contains the gist of 
larger treatises on colour and technical processes. It would be difficult to meet with a work so full 
of varied information on the painter's art."— ^mi^'^v Ntwt, 

MARBLE DECORATION 

And the Terminology of British and Foreign Marbles. A Handbook for 
Students. By George H. Blagrovb, Author of "Shoring and its Applica- 
tion," &c. With 38 Illustrations. Crown 8vo, cloth .... 3/6 

"This most nseltal and moch wanted handbook should be in the hands of evaiy aRhtoct and 

builder."— ^flfMibv IV^rUL, 

"A carefully and usefully written treatise ; the work Is essentially practical.'' 
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DELAMOTTE'8 WORKS ON ILLUMINATION AND 

ALPHABETS. 



ORNAMBNTAL ALPHABETS, ANCIBNT * MEDLCVAL. 

ttom tbe Bifhth Cealvy. with NoMnk^^wiBf GotUc, 

M uuuK i l aii ii CrocKSi sc.« ftCf far toe bsc of Arehmiciwi ud 



hf P. Dblamottb, and 
Royal Bvo^ oUong 



EuCiAvaki CsiTcrif ftc« Coi wct Bd Mid 
Colom. Nn 
boanto 

v1k> wttw chuck wali wkli pitkjr 

MODERN ALPHABETS, PLAIN AND ORNAMENTAL. 

Including German, Old Engliab, Saxoo, Italic, F 

Coatt Hand, £nf;rocsingj Tuscan, Riband, Gothic, 

with leveral Original Designs, and an Analysbof the Roman and Old Eogfisli 

Alphabets, large and small, and Numerals, far the use of Drai^itsawn, 

Snrreyors, Masons Decorative Painters, Lithographen, Engraven, Carvers, 

ftc. C o llected and Engraved by P. Dslamottb, and printed in Colours. 

New and Chraprr Edition. Royal 8vo, oUong, ornamental boaids . 2/6 

"There is compriMd in It erwy poirible diape huo which the leltan of the dnhahet aid 
miBienls can be fonned. and the talent wliicfa has beca t^pwmIwI in the ooaceptiaa oftha i Miuai 
plafai and onamental Icttea ii vondeiiid.' 



MEDI>eVAL ALPHABETS AND INITIALS. 

By P. G. Dslamottb. Containing ei Plates and inuminated Title, printed 

in Gold and Colours. With an Introduction by J. Wilus Bbooks. Fifth 

Edition. Small 4to, ornamental boards Net 6/0 

__^_ "A Tol mnein which the leCten of the alphabet cone fiMth ^idfied hi cBdhV Md althe 
coloBiB Of the pilHU f 



A PRIMER OP THE ART OP ILLUMINATION. 

Por the Use of Beginners ; with a Rudimentary Treatise on the Art, Practical 
Directions for its Exercise, and Examples taken from Illuminated MSS., 
printed in Gold and Colours. By P. Dslamottk. New and Cheaper 
Edition. Small 4to, ornamental boards o/O 



" The examples ef ancient MSS, 
the antiMMT chooses from collections 
"■^At/uiueunt, 



to an, are 



to the studaot, which, with nnch good 



with jwiummt aad 



THE EMBROIDERER'S BOOK OP DESIGN. 

Containing; Initials^ Emblems, Cvphers, Monograms, Ornamental Borders. 
Ecclesiastical Devices, Mediaeval and Modem Alphabets, and National 
Emblems. Collected by P. Dslamottb, and printed in Colours. Oblong 
royal Svo, ornamental wr app e r Net S!iO 

" The bocric wffl be of crest as B istance to ladles and young diUdran wlio aie endowed with 
the ait of purine the needle in diis mosteoaaaental and naefiil prater wa«lL"—^&Mr^fv«<m T* 



WOOD-CARVINQ POR AMATEURS. 

With Hints on Design. By A Ladt. With zo Plates. New and Cheaper 
Edition. Crown Svo, in emblematic wrapper 2/0 

•< The handicraft of the wood-camtr, so well as a book can impait it, maj be learnt from * A 
Lady's ' publication."— ^iA«N««(m. 

PAINTING POPULARLY EXPLAINED. 

By Thomas John Gullick, Painter, and John Timbs, P.S.A. Including 
Fresco, Oil, Mosaic, Water>Colonr, Water-Gbus, Tempera, Encaustic, 
Miniature, Painting on Ivory, Vellum, Pottery, Enamel, 6lass, &c. Fifth 
Edition. Crown Svo, doth 5/0 

*** Adopted as a Priu Book at South Ktmsmgtom, 

" Much may be le a rn ed, even by those who fancy th«y do not require to be tancfat, from the 
careful perusal ot this nnpretoiding bat cempiehensive treatise."— ^rr y«umaL 



NATURAL SCIBNCS, Sh>. 33 

NATURAL SCIENCE, ETC. 



THE VISIBLE UNIVERSE. 

Chapten on the Orinii and Constrackion of the Heavens. By J. B. Gokb, 
F.R.A.S., Aathor of ^' Star Groapt," ftc Illnstrated by 6 Stellar Thotocrapfas 
and xa Plates. Demy 8to, doth ........ 1 6/0 

5TAR QR0UP5. 

A Student's Goide to the Constellations. By J. Bllasd Gokb, F.R.A.S., 
M.R.I.A.. &C., Author of "The Visible Universe," "The Scenery of the 
Heavens,'* ftc With 90 Maps. Snudl 4to, cloth 6/0 

AN ASTRONOMICAL QL055ARY. 

Or, Dictionary of Terms used in Astron<Mny. With Tables of Data and Lists 
of Remarkable and Interestins Celestial Objects. By J. Ellaxd Gokb, 
F.R.A.S., Author of " The Visible Universe," ftc Small crown Bvo, cloth. 

THE MICROSCOPE. ^'® 

Its Construction and Management. Including Technique. Photo>micrography, 
and the Past and Future of the Microscope. By Dr. Hbnkx van Hburck. 
Re-Edited and Augmented from the Fourth French Edition, and Translated 
by Wtnnb E. Baxtbk, F.G.S. Imp. 8vo, cloth .... 18/0 

A MANUAL OP THE M0LLU5CA. 

A Treatise on Recent and Fossil Shells. By S. P. Woodwakd, A.L.S., 
F.G.S. With an Appendix on Rbcbnt and Fossil Conchological 
DiscovBKiBS, by Ralph Tatb, A.L.S., F.G.S. With 33 Plates and 
upwards of 300 Woodcuts. Reprint of Fourth Edition (z88o). Crown Bvo, 

THE TWIN RECORDS OF CREATION. 

Or, Geology and Genesis, their Perfect Harmony and Wonderful Coooord. 
By G. W. V. LB Vaux. 8vo, clQth 6/0 

LARDNER'S HANDBOOKS OP SCIENCE. 
HANDBOOK OP MECHANICS. 

Enlarged and re-written by B. Lobwv, F.R.A.S. Post 8vo, cloth . 6/0 

HANDBOOK OP HYDROSTATICS AND PNEUMATICS. 

Revised and Enlarged by B. Lobwt, F.R.A.S. Post 8vo, cloth . 6/0 

HANDBOOK OP HEAT. 

Edited and re-written by B. Lobwt, F.R.A.S. Post Bvo, cloth . 6/0 

HANDBOOK OP OPTICS. 

New Edition. Edited by T. Olvbr Harding, B. A. Small Bvo, doth 6/0 

ELECTRICITY, MAGNETISM, AND ACOUSTICS. 

Edited by Geo. C. Foster, B.A. Small Bvo, cloth .... 6/0 

HANDBOOK OP ASTRONOMY. 

Revised and Edited by Edwin DuNKiN, F.R.A.S. Bvo, cloth . . 9/6 

MUSEUM OP SCIENCE AND ART. 

With upwards of x,9oo Engravings. In Six Double Volumes, £1 1 a. Cloth, 
or half-morocco £1 lis. 6d. 

NATURAL PHILOSOPHY POR SCHOOLS . . 3/6 
ANIMAL PHYSIOLOGY POR SCHOOLS . 3/6 

THE ELECTRIC TELEGRAPH. 

Revised by E. B. Bright, F.R.A.S. Fcap. Bvo, cloth 2/6 

L c 
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CHEMICAL MANUFACTURES, 
CHEMISTRY, ETC. 



THE OIL FIELDS OP RU55IA AND THE RUSSIAN 

PBTROLEUM INDUSTRY. 

A Practical Handbook on the Exploration, Exploitation, and Manageaeat 
of Russian Oil Properties, including Notes on the Origin of Petrolmm in 
RoMia, a Description of the Th«ory and Practice of Liquid Fuel, and a 
Translation of the Rules and Regulations concerning Russian Oil Prop:rties. 
By A. Bkbby Thompson, A.M.I.M.E., late Chief En^neerand Bianager of the 
European Petroleum Company's Russian Oil Properties. About 500 pp., wi^ 
numerous Illustrations and Photographic Plates, and a Map of the Balalrhany* 
Saixjontchy-Romany Oil Field. Super-royal 8vo, cloth. 

i/usi PMbluJUd. Ntt £3 3s. 

THE ANALYSIS OF OILS AND ALLIED 5UB5TANCE5. 

Bt a. C. Wricht, M.A.Oxon., B.ScLoDd., formerly Assistant Lectnrer in 
Chemistry at the Yorkshire Collie, Leeds, and Lecturer in Chemistry at the 
Hull Technical School. Demy Svo, cloth Ntt 9/0 

THE aA5 ENGINEER'S POCKET-BOOK. 

CompriMug Tables, Notes and Memoranda relating to the Manii&ctare, 
Distribution and Use of Coal Gas and the Construction of Gas Worics. By 
H. O'CoNNOK, A.M.Inst.C.E. Second EUlition, Revised. 470 pp^, crown tro, 
ftUIy Illustrated, leather 10/6 

" The book contains a vast amount of Infonnation. Th« author arms consecntiTvly throogh 
the eaglnoeiing details and practical methods involved in each of the diffetent p ro cewM or parts 
of a gas-works. He has certainly succeeded In making a compilatkm of hard mat ter s oi fret 



lainiy 
absotutdy interestiiur to read."— <?ax World. 

'The volume contains a great quantity of spedaUaed informatioii, compiled, we beBevet from 



tiuatwofthy sources, which should make it of considerable value to thoae for whom It is 
^/ttAoiatA.— Engineer. 

LIQHTINO BY ACETYLENE 

Generators, Burners, and Electric Fanmces. By William E. Gibbs, M.S. 
With 66 Illustrations. Crown 8vo, cloth 7/6 

ENQINEERINQ CHEMISTRY. 

A Practical Treatise for the Use of Analytical Chemists, Engineers, Iroo 
Masters. Iron Founders, Students and others. Comprisinp; Methods (rf'Analjvis 
and Valuation of the Principal Materials used in Ensueering Work, with 
Bumerotts Analyses, Examples and Suggestions. By H. Joshua Phillips 
F.I.C., F.C.S. Third Edition, Revised and Enlarged, drown 8vo, 490 pp., 
with Plates and other Illnstrati<ms, cloth Net 1 0/O 

" In this work the author has rendered no small service to a numerous body of practical 
men. . . . The analytical methods may be pronoimced most satisfiurtoiy, being as accurate as the 
dHpatch required 01 engineering chemists permits."— CArmftfla/ News. 

" The analytical methods given are, as a whole, such as are likely to give rapid and trust, 
worthy results in experienced hands. . . . There Is much excellent descriptive matterl a the work, 
the chapter on ' Oils and Lubrication ' being speciaQy noticeable in this respect.'*— i£«v^frMwr. 



NITR0-EXPL0SIVE5. 

A Practical Treatise concerning the Properties, Manufacture, and Analysis \ 

of Nitrated Substances, including the Fulminates, Smokeless Powdeis. and j 

Celluloid. By P. Gerald Sanford, F. I.C, Consulting Chemist to the Cotton 
Powder Company, Limited, &c. With Illustrations. Crown 8vo, doth. 9/0 

"One of the very few text-books in which can be found Just what is wanted. Mr. Sanford 
goes st«adily through the whole list of explosives commonly used, he names any given explosive^ 
and tells us of what It is composed and how it is manufactured. The book is VKCWimt^"— Engineer. 

A HANDBOOK ON MODERN EXPLOSIVES. 

A Practical Treatise on the Manufacture and Use of Dynamite, Gun-Cotton, 
Nitro-Glycerine and other Explosive Compounds, including Collodion-Cotton. 
With Chapters on Explosives in Practical Application. By M. Eisslkr. M.E. 

Second Edition, Enlarged. Crown 8vo, cloth 1 2/6 

" A veritable mine of in format! m on the subject of explosives employed for military, mining 
and blasting purposes."— ^fTmj' and Navy Gazette. 



CHEMICAL MANUFACTURES, CHEMISTRY, <^. 33 
A MANUAL OP THB ALKALI TRADE. 

Indnding the Manafactare of Snipbaric Add, Sulphate of Soda, and Bleaching 
Powder. By John Lomas, Alkali Manufacturer. ^ With 933 Illustrations 
and Working Drawings, Second Edition, with Additi<xis. Super-royal 6vo, 
cloth £1 10«. 

Ut ** We find not merely a sound and luminous expbnatlon of the chemical principles of the 

tiade, but a notice of numerous matters which have a most important bearing on the successful 
eondnct of alkali works, but which are generally ovetlooked by eren experienced technological 



DANQER0U5 000D5. 

3 Their Sources and Properties, Modes of Stori^e and Transport. With Notes 

« and Comments on Accidents arising therefrom. A Guide for the Use of 

( Government and Railway Oflicials, Steamship Owners, &c. By H. Joshua 

p. Phillips, F.I.C, F.C.S. Crown 8vo, 374 pp., cloth .... Q/Q 

*• Merits a wide ctaculathM, and an liitelllgeut, appradatiTe study."— CJfcfwWf/ Ntms, 

^ THB BLOWPIPE IN CHEMI5TRY, MINERALOGY, Etc. 

C(»taining all known Methods of Anhydrous Analysis, many Working 

< Examples, and Instructions for Making Apparatus. By Lieut. -Colonel W. A. 

[ Ross, R.A., F.G.S. Second Edition, Enlarged. Crown 8vo, cloth . 6/0 

' ** The student who goes conscientiously through the course of experimentation here laid down 

win gain a better insight into inorganic chemistry and mineralogy than if he had * got up ' any of the 
beat text-books of the day, and passed any number of examinations in their contents —CJ^m^^o/ 
fit' 



THE MANUAL OP COLOURS AND DYE-WARE5. 

Their Properties, Applications, Valuations, Impurities and Sophistications. 

For the Use of Dyers, Printers, Drysalters, Brokers, &c. By J. W. Slatbr. 

Second Edition, Revised and greatly Enlarged. Crown 8vo, cloth . 7/8 

" There is no other work which corers precisely the same ground. To students preparing 
te examinations in dyeing and printing it will prove exceedingly usiefuL"— CArwAw/ Nrws. 

A HANDY BOOK POR BREWERS. 

Being a Practical Guide to the Art of Brewing and Malting. Embracing the 
Conausions of Modem Research which bear upon the Practice of Brewing. 
By Hbkbbkt Edwakds Wright, M.A. Second Edition, Enlarged. Crown 

8vo, 530 pp., cloth 1 2/6 

** May be consulted with advantage by the student who Is preparing hims^for examinational 
teats, while the scientific brewer will mid in it a risuttU of all the most important discoveries of 
■wdem times. The work is written throughout in a dear and concise manner, and the author 
lakes great care to discriminate between vague theories and well-established facts "—Bnwer^ 
ytttmoL 

" We have great pleasure in recommending this handy book, and have no hesitation In saying 
llmt it is one of the best— if not the best— which has jret been written on the subject of beer-brewing 
In this country; it should have a place on the shelves of every brewer's library."— >Arrw«rF 
GMortUan. 

PUEL5: SOLID, LIQUID, AND GASEOUS. 

Their Analysis and Valuation. For the Use of Chemists and Engineers. By 
H. J. Phillips, F.C.S.. formerly Analytical and Consulting Chemist to the 
G.E. Rlwy. Fourth Edition. Crown 8vo, cloth 2/0 

" Ought to have its place in the laboratory of every metallurgical establishment and wherever 
fiid is nsea on a large scale. "—CM tm i eai Nrws. 

THE ARTISTS' MANUAL OP PIGMENTS. 

Showing their Composition, Conditions of Permanency, Non-Permanency, and 
Adulterations, &c., with Tests of Purity. By H. C. Standagb. Third 

Edition. Crown 8vo, cloth 2/6 

•• This work is indeed rn$*/tufH-iH-/arvc, and we can, with good conscience, recommend it to 
an who come in contact with pigments, whether as makers, dealers, or vaeis."—CM€tHical Review. 

A POCKET-BOOK OP MENSURATION AND QAUQINQ. 

Containing Tables, Rules, and Memoranda for Revenue Officers, Brewers, 
Spirit Merchants. &c. By J. B. Mant, Inland Revenue. Second Edition, 
Revised. x8mo, leather 4/0 

" Should be in the hands of every practical brewer."— J)r»svirr«' yeurnul. 

C Z 



36 CROSBY LOCKWOOD 4- SON*S CATALOGUE. 

INDUSTRIAL ARTS, TRADES, AND 

MANUFACTURES. 



TEA MACHINERY AND TEA FACTORIES. 

A Descriptive Treatise on the Mechanical Appliances reiralred ia the 
Cnltivetion of the Tea Plant and the PrnMuation of Tea for the MttlBet. By 
A. J. Waixis-Tatlbk, a. M. Inst. CB. ilediom 8vo, 468 pp. With axS 

Illostraiions Jftt 2S/0 

Summary of Co nihwis . 
Mechanical Cultivation or Tillagr of the Soil.— Plucking or Gathbrimg 
THS Leaf.— Tea Factories.— The Dressing. Manufacture, or Prefaratioh 
OF Tea by Mechanical Means. — Artificial withering of the Leaf.— 
Machines for Rolling or Curling the Leaf.— Fermenting process.— 
Machines for the Automatic Drying or Firing of the Leaf.— Machines for 
Non-Automatic Drying or Firing of the Leaf.— Drying or firing MachinbSi. 
—breaking or cutting, and Sorting Machines.— Packing the Tea.— Means 
OF transport on tea plaittations.- Miscellaneous machinery and apparatus. 
—Final Treatment of the Tea.- Tables and Memoranda. 

"The subject of tea machinety is now one of the fint interest to a laij^clsM of people, to 
whoB we sttYHigljr commend the volmne."— CAofwArr 9/C*9nmerct youvnoL 

" When tea plantii^ wasfint intiodoced into the British poasessioas Htde, if aajr. nadiinaty 
was employed, but now its use is afanost oniTefsaL This volume contains a vcfvftin account of the 
ouchinery necessary for the proper outfit of a &ctoty. and also a description oc the i 
carried out by this macUnety."- IT'wrvM/ Society qfArU. 

FLOUR MANUFACTURE. 

A Treatise on Millins Sdeoce and Practice. By Fribdkicr Kick, 
Rc«ieran|path, Profesnr of Mechanical Technology in the Impoial Goman 
Poljrtecbnic Institute, Prague. Translated from the Second Bnlaiged and 
Revised Edition with SnpfJement. By H. H. P. Powlbs, Askc. Memh. 
Institution of Civil Engineers. Nearly 400 pp. Illustrated with e8 F<rfdiiig 
Plates, and 167 Woodcuts. Royal 8vo, cloth gSI 5s. 



"This inTafaiable woric is, and win remain, the standard aolhority OB the i 
The miller who has read and digested this woric will have hdd the foundation, so to speair, of a 
luccemfiil career ; he wiD have acquired a number of general principles wldch he can pt o c ee d to 
apply. In tlds lurndsome volume we at last have the accepted teat-book of modem milBng la good, 
sound English, wliich has little, if any. trace of the German Idtom."- rA« Miller. 

** The appearance of this cdebiated work in Ea|(Ush is veiy opportune, and Britidi 
win, we are sure, not be slow in availing themselves of its pages."— An//'«rx' Gasette. 



COTTON MANUFACTURE. 

A Manual of Practical Instruction of the Processes of Opening, Carding, 
Gjmbing, Drawing, Doubling and Spinning of Cotton, the Methods of 
Dyeing, &c For the Use of Operatives, Overlookers, and Manufacturers. 
By John Lister, Technical Instructor, Pendleton. 8vo, cl<^ . 7/8 

** This invaluaUe volume is a distinct advance In the fiteratwe of cotton maanfactarai"— 
AfacMnery. 

" It is thoroughly raiiable, fulfining neaety att the requirements desfared."— Gikv»ar BtrmU 

MODERN CYCLES. 

A Practical Handbook on their Construction and Repair. By A. J. Walus* 
Taylbr, a. M. Inst. C. E., Author of " Refrigerating Machinery, ''^ftc. With 
upwards of 300 Illustrations. Crown 8vo, doUi 10/6 

" The laree trade that is done in the component parts of bicydes has placed in the ww of 
men mechanically inclined eztraordinasv facilities lor boikung bicjpdes lor their own use. . . . The 
boK^ intt prove a valuable guide for all those y^ua aspire to the maaulactnie or repair of their owa 
machines. — The Field. 

" A most comprehensive and up-to-date treat i s e."— 7i%< Cycle. 

" A very useful book, which is quite entitled to nnik as a standard woik for students of cyda 
•construction. — IVheelittgr. 

MOTOR CARS OR POWER CARRIAGES FOR COMMON 

ROADS. 

By A. J. Wallis-Taylsr, Assoc. Memb. Inst. C.E., Author of "Modern 
Cycles,' &c. ax a pp., with 76 Illustrations. Crown 8vo, cloth . . 4/6 



"The book is clearly expressed throughout, and is Just the sort of work that an engito 
thinldng of turning his attention to motor«cairriage worlc. would do wdl to read as a prelimmaiy to 
starting operations."— ^M^'x^rr^y^ 
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PRACTICAL TANNING. 

A Handbook of Modern Procesess, Receipts, and Suggestions for the Treatment 
of Hides, Skins, and Pelts of every Description. By L. A. Flemming, 
American Tanner. 472 pages. 8vo, cloth. l/usi Puilishtd, Net 26/0 

THE ART OP LEATHER MANUFACTURE. 

Beine a Practical Handbook, in which the Operations of Tanning, Currying, 
and Leather Dressing are fully Described, and the Principles of Tanning 
Rjq^lained, and many Recent Processes Introduced ; as also Methods for the 
Estimation of Tannm, and a Description of the Arts of Glue Boiling, Gut 
Dressing, &c. By Albxamdbr Watt. Fourth Edition. Crown 8vo cloth. 

9/0 

" A sound. comprahenslTe traatise on tanning and its accessories. The book is an eminently 
valnabla production, which redounds to the crecut of both author and pubUshen."--CA«m<tei 
Rtvttw. 

THE ART OP SOAP-MAKINO. 

A Practical Handbook of the Manufacture of Hard and Soft Soaps, Toilet 
Soaps, &c. Including many New Processes, and a Chapter on the Recovery of 
Glycerine from Waste Leys. By Alexander Watt. Sixth Edition^ 
including an Appendix on Modem Candlemaking. Crown 8vo, cloth . 7/8 

"The work wiU prove very useful, not merely to the technological student, but to the 
practical soap boiler who wishes to underttand the theory of his axt."—Cfumical News. 

"A thoroughly practical treatise. We cons^ratuUte the author on the success of his endeavour 
to fin a void fai Ens^ technical literature."— Aa/Mfv. 

PRACTICAL PAPER-MAKING. 

A Manual for Paper-Makers and Owners and Manners of Paper*Mills. With 
Tables, Calculations, &c. By G. Clappbrton, Paper-Maker. With Illus- 
trations of Fibres from Micro-Photographs. Crown 8vo, cloth . . 6/0 

** The author caters for the requirements of responsible mill hands, apprentices, &c., whilst 
his manual will be found of neat service to students of tecluiology, as well as to veteran paper- 

Tlie ilhistradons form an exceUent fixture."— rA« ^Ttfrtf'f /^MrrTVi ' 



\ and mill owners. The ilhistrations form an excellent feature."— TVIk IVorid's Ptt^tv TtmU 
RofUm. 

THE ART OP PAPER-MAKINO« 

A Practical Handbook of the Manufactture of Paper from Rags, Esparto, 
Straw, and other Fibrous Materials. Including the Manufacture of Pulp from 
Wood Fibre, with a Description of the Machinery and Appliances useo. To 
which are added Details of Processes for Recovering Soda from Waste Liquors. 
By Alexander Watt. With Illustrations. Crown Svo, cloth . . 7/0 

**It may be regarded as the standard work on the subject. The book is full ofvaluaUe 
Infimnation. The ' Art of Paper- Makinar' is in every res[>ect a model of a text-book, either for a 
technical class, or for the private student. —/>a/rr attd Printinsr Trades youmat. 

A TREATISE ON PAPER. 

For Printers and Stationers. With an Outline of Paper Manufacture ; Complete 
Tables of Sizes, and Specimens of Different Kinds of Paper. By Richard 
Parkinson, late of the Manchester Technical School. Demy Svo, cloth 3/6 

CEMENTS, PA5TE5, QLUES, AND QUM5^ 

A Practical Guide to the Manufactttre and Application of the various Agglutl- 
nants required in the Building, Metal- Working, Wood- Working, and Leather- 
Working Trades, and for Workshop and Office Use. With upwards of 900 
Recipes. By H. C. Standagb. Third Edition. Crown Svo, cloth . 2/0 
We have pleasure In speaking favourabljr of this volume. So far as we have had 
which is not inconsiderable, this manual is trustworthy."— >fiA«mrMi». 



THE CABINET-MAKER'S QUIDE 

. TO THE BNTIRB CONSTRUCTION OP CABINET WORK. 

Including Veneering, Marquetrie, Buhlwork, Mosaic, Inlaying, &c. By 
Richard Bitmead. Illustrated with Plans, Sections, and Working Drawings. 
Small crown Svo, cloth 2/6 

FRENCH POLISHINQ AND ENAMELLING. 

A Practical Work of Instruction. Including Numerous Recipes for making 
Polishes, Varnishes, Glaze-Lacquers, Revivers, &c. By Richard Bitmbad, 
Author of " The Cabinet- Maker's Guide." Small crown Svo, cloth . 1 /6 
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WATCH REPAIRING, CLEANINQ, AND ADJUSTING. 

A Practical Handbook dealing with the Materials and Tools Used, and the 
Methods of Repairing, Cleaning, Altering, and Adjusting all kinds of English 
and Foreign Watches, Repeaters, Chronographs and Marine ChioncHneters. 
By F. J. Garrard, Springer and Adjuster of Marine Chronometers and Deck 
Watches for the Admiralty. With over aoo Illustrations. Crown 8vo, cloth. 

[/■tf/ Pmltlisfud. Net 4/6 

MODERN HOROLOGY, IN THEORY AND PRACTICE. 

Translated from the French of CiJkUDius Saumibr, ez-Director of the School 

of Horology at Macon, by Julibn Trippun, F.R.A.S., Besan9oo Wafedi 

Manufacturer, and Edward Rigg, M.A., Assayer in the Royal Mint. With 

Seventy-eight Woodcuts and Twenty>two Coloured Copper PUues. Seoond 

Edition. Super-royal 8vo, £2 2s. ck>th ; half-calf . . £2 IDs. 

" There b no horological work in the English language at all to be conimrad to tUs pndnc- 

Hon of M. Saiwier's for clearneK and completeness. It is alike good as a guidn for the stadant aad 

as a nieraoce for the experienced horologist and skilled worionan."— /Tfrw^lcgpios/ l^oumml, 

** The latest, the most complete, and the most rdiable of those Htemy productioas to vhid 
c c ntinent a l watchmaken are inoebted for the mechankTil superiority over tfeieir Engfish bitithiea 
—In fact, the Book of Bofrics is M. Saunier's * Treatise.' "—tt ^mtekma M ey , ytwtUer, mndSUttemmiOi. 

THE WATCH ADJUSTER'S MANUAU 

A Practical Guide for the Watch and Chronometer Adjuster in Making, 
Springii^, Timing and Adjustine for Isochronism, Positions and Tem p er atur e s . 
By C. £. Fritts. 370 pp., with Illustrations, 8vo, doth . . . 18/0 

THE WATCHMAKER'S HANDBOOK. 

Intended as a Workshop Companion for those engaged in Watdunaking and 

the Allied Mechanical Arts. Translated from the French of Claudius 

Saunibr, and enlarged by Julibn Tripplin, F.R.A.S., and Edward Rigg^ 

Itf. A., Assayer in the Royal Mint. Third Edition. Cr. 8vo, doth. . Q/Q 

*' Each part is trutv a treatise in itselC The anangement is good and the langnagie Is dear 
and condse. It is an aomirable guide for the young wwxcbxuak!Bt.''—EtigiHtervi£. 

HISTORY OF WATCHES & OTHER TIMEKEEPERS. 

By Jambs F. Kbndal, M.B.H. Inst. 1/6 boards; or doth, gilt . 2/6 

" The best which has yet appeared on this subject in the English language."— />ulw«*ifar. 
** Open the book where you may, tiiere is interesting matter in it cooceniing tlM inge n io u s 
devices of the ancient or modem \tiotokiiget."— Saturday Review. 

ELECTRO^PLATINQ&ELECTROREFININaoP METALS. 

Being a new edition of Alexander Watt's " Electro-Depositiok." Re- 
vised and Largely Rewritten by Arnold Philip, B.Sc., A.I.E.E., Prindpal 
Assistant to the Admiralty Chemist. Large Crown 8vo, doth. . Net 1 ^6 

** Altogether the work can be highly recommended to every electro-plater, and is of mi* 
doobted interest to every electro-metaBui^g^t." — Electrical Review. 

" Eminently a book for the practical worker in electro-deposttiaD. It contains p nctica l 
descriptions of methods, processes and materials, as actually puxsoea and nsed in the woduofk."— 
Engineer. 

ELECTRO-METALLURGY. 

Practically Treated. By Alexander Watt. Tenth Edition, tndnding the 

most recent Processes. lamo, doth 8/6 

** From this book both am^eur and artisan may leam everything necessary for Uie iiw rpMfi il 
prosecution of electroplating."— /rwt. 

JEWELLER'S ASSISTANT IN WORKING IN GOLD. 

A Practical Treatise for Masters and Workmen, Compiled from the Experienoe 

of Thirty Years' Workshop Practice. By George E. Gbk. Crown 8vo. 7/6 

" This manual of terhnlcal edncatfcm Is apparently destined to lie a valuiMe ansflbiy to a 
handicraft which is certainly capable of great Impaoveaent."— 7%< Times. 



ELECTROPLATING. 

A Practical Handbodc on the Depositioii of Copper, Sflirer, Ntdtd, Gold. 

Alomininm, Brass, Platinum, &c, &c. By J. W. Urqdhart, CE. Foorta 

Edition, Revised. Crown 8vo, d<Mii 6/0 

** An excellent practical mannaL '-^BMgineeriMe 

" An excellent work, giving the newest tatoaDatiou.''— Strategical yemmat. 
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BLECTROTYPINQ. 

The Reproduction and Multiplication of Printing Surfaces and Works of Art 
by the Electro-Depoution of Metals. By J. W. Urquhakt, C.E. Crown 8vo, 

cloth 5/0 

" The book is tboffoughlT practical ; the reader is, therefore, conducted through the liwding 

lawt of electricity, then througn the metab used by electrotypers. the apparatus, and the depostdng 

— up to the final preparation of the work. — ^rT yotimal. 



GOLDSMITH'S HANDBOOK. 

By Gbobgk E. Gbb, Jeweller, ftc. Fifth Edition. lamo, doth . . 8/0 
**A good, sound educator; "— il» r » / <y ^<»/ ^^mmoL 

SILVERSMITH'S HANDBOOK. 

By Gbokgb E. GbB| Jeweller, &c. Third Edition, with numerous Ill«stra> 

tioiii. lamo, cloth 8/0 

"The chief merit of the work is its practical cliaracter. . . . The workers in the trade wU 
speedily discover itt merits wiien they sit down to study it.*— Jfy^/irA Mechanic. 

*«* Th§ abov0 two works togtthtr^ strongly hal/*bound^ pries 7s. 

SHEET METAL WORKER'S INSTRUCTOR. 

Comprising a Selection of Geometrical Problems and Practical Rules for 
Describing the Various Patterns Required by Zinc, Sheet-Iron, Copper, and 
Tin-Plate Workers. By Rkubbm Hbnry Warn, Practical Tin-Plate Worker. 
New Edition, Revised and greatly Enlaraed hj Joseph G. Hosnbr, 
A.M.I.M.E. Crown 8vo, 354 pp., with 430 Illustrations, cloth 7/6 

SAVOURIES AND SWEETS 

Suitable for Luncheons and Dinners. By Miss M. L. Allen (Mrs. A. 
Macaire), Author of " Breakfast Dishes," &c. Twenty-ninth Edition. F'cas 
8vo, sewed I/O 

BREAKFAST DISHES 

For Every Morning of Three MoDth«. By Miss Allen (Mrs A. Macaire), 
Author of " Savouries and Sweets," &c. Twenty-second Edition. F'cap 8vo, 
sewed I/O 

BREAD & BISCUIT BAKER'S & SUOAR-BOILER'S 

ASSISTANT. 

Including a large variety of Modem Recipes. With Remarks on the Art of 
Bread-mtJdng. By Robert Wells. Third Edition. Crown 8vo . '1/0 

" A laige number of wrinkles for tlie onUnary coolc, aswdika»fbitba]BU."—Satt*rdayX€Piew, 

PASTRYCOOK & CONFECTIONER'S GUIDE. 

For Hotels, Restaurants, and the Trade in general, adapted also for Family 

Use. By R. Wells, Author of " The Bread and Biscuit Baker " . .1/0 

** We cannot spealc too higlily of this really excellent work. In these days of Iceen competition 
our leaden cannot do better than purchase this book."—JBaAert' Ttmss, 

ORNAMENTAL CONFECTIONERY. 

A Guide for Bakers, Confectioners and Pastrycooks ; including a variety of 

Modem Recipes, and Remarks on Decorative and Coloured Work. With lao 

Original Designs. By Robert Wells. Crown 8vo, cloth . 5/0 

"A valuable work, practical, and should be in the hands of everv baker and confectioner. 

The illustrative designs are worth treble the amount charged for the work."— BaJters* T\tmu, 

MODERN FLOUR CONFECTIONER. 

Containing a large Collection of Recipes for Cheap Cakes, Biscuits^ &c. With 
remarks on the Ingredients Used in tneir Manufacture. By R. Wells. 1 /O 

" The work b of a decidedly practical character, and in every reoipe r^^ard is had to economical 
woMat[."~-N9rth BrlHsh Daily MaiL 

RUBBER HAND STAMPS 

And the Manipulation of Rubber. A Practical Treatise on the Manufacture of 
Indiarubber Hand Stamps, Small Articles of Indiarubber, The Hektograph, 
Special Inks, Cunenu, and Allied Subjects. By T. O'Conor Sloanb, A.M., 
Ph.D. With numerous Illustrations. Square 8vo, cloth. 6/0 
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HANDYB00K8 FOR HANDICRAFTS. 

BY PAUL N. HASLUCK. 

Bditor of " Work " (New Series), Author of " Lathe Work," *' MiUiag If achiiMft," ftc. 

Crown 8vo, 144 pp., price is. each. 

I3r Thtu Hamdtbooks hav€ bun wriUtH to supph mformatkm for Woskmbm. 
Studbnts, and Amatkurs in tht snsral Handicrafts, on tht actual Pkacticb of 
thi WoKKSHOP, and an inttndsd to convey in plain language Tbchmical Know- 
LBDCB of tht sivtral Crapts. In d$$cribing th* procissts §mploy*dt and th§ manipu' 
laHon of mat*rial, workshop ttrms art us$d ; workshop tractic* is fully gxpUUnid ; 
and ths ttxt is frttly iUustraUd with drawings of modsm tools^ appiiancsSt and 
proctssss. 

METAL TURNBR'5 HANDYBOOK. 

A Practical Manual for Workers at the Foot-Lathe. With 100 lllustratioDS. 

1/0 

" Tlia book will be of senrtce alike to the amateov and ttie aftisan tnniar. It dbplqrs 
thocoogli knowledge of the subject. "—vSMCrwMf*. 

WOOD TURNER'S HANDYBOOK. 

A Practical Manual for Workos at the Lathe. With over too lUoatrauioBa. 

1/0 
** We recommend the boolc to younc turners and amateur*. A multitude of aiifhiMen have 
hitheito sought In vain for a manual of this special industry. "->JI!iicAaNdka/ tVorld. 

WATCH JOBBER'S HANDYBOOK. 

A Practical Manual on Cleaning, Repairing, and Adjusting. With upwards of 

100 Illustrations 1 /Q 

" We strongly advise all young persons connected with the watch trade to acqolie and sto^ 
thb InezpensiTe w<yAi."—^i€rktHweU ChrtnicU, 

PATTERN MAKER'S HANDYBOOK. 

A Practical Manual on the Construction of Patterns for Pounders. With 
upwards of xoo Illustrations •1/0 

** A moat valuable, if not indispensable manual for the pattern waakm^—'Knrwitdg t . 

MECHANICS WORKSHOP HANDYBOOK. 

A Practical Manual on Mechanical ManipuIati<Mi, embracing Informadoo 
on various Handicraft Processes. With Useful Notes and Misoellaneoas 

Memoranda. Comprising about aoo Subjects 1 /Q 

" A very clever and oseAil book, which should be found in every workshop ; and It shoua 
certainly find a place in all technical schools." — Saturday Review. 

MODEL ENGINEER'S HANDYBOOK. 

A Practical Manual on the Construction of Model Steam Engines. With 

upwards of xoo Illustrations ^ /Q 

V Mr. Hashick has produced a very good little book."— ^amM^. 

CLOCK JOBBER'5 HANDYBOOK. 

A Practical Manual on Cleaning, Repairing, and Acynsting. With opwaidsof 
zoo Illustrations I/O 



" It is of ittestiniabl« service to those commencing the ttade.**— C^Mffs^y . 

CABINET WORKER'S HANDYBOOK. 

A Practical Manual on the Tools, Materials, Appliances, and P roocMea 
employed in Cabinet Work. With upwards of zoo lUustrations •I/O 

" Mr. Hasluck's thorough-going little Handybook is anMWgst the most practkat guides we 
have seen for beginners in caatMyet-motk."— Saturday Review. 



WOODWORKER'S HANDYBOOK. 

Embracing^ Information 00 the Tools, Materials, Appliances and Prooeswt 
Employed in Woodworking. With 104 Illustrations "1/0 

** Written by a man wlw knows, not raly how work ought to be done, but how to do It, and 
how to convejr bis knowledge to <3»iixexi."'-'Engineerinr. 

" Mr. Hasluck writes admirably, and gives complete instructions."— g»tf<wnrr. 

" BCr. Hasluck combines the experience of a practical teacher with the manipulative skill and 
scient ifi c knowledge of processes of the trained m f i chanician , and the m a nu a ls are marvels of what 
can be produced at a popular price."— 3cA«0/«narftr. 

" uelplul to worionen of all ages and degrees of experience."- Ai^ Chttmitie. 

" " dear, and p«acticaL"— Saturday Review. 
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COMMERCE, COUNTING-HOUSE WORK, 

TABLES, ETC. 



LB550N5 IN COMMERCB. 

By Prctfeasor R. Gam&aiko, of the Royal High Commercial School at Genoa. 
Edited and Revised by Jambs Gault, Professor (tf Commerce and Commercial 
Law in King's College, London. Fourth Edition. Crown 8vo, cloth . 3/6 

" The pubUshera of thb work have rendered conildeimble lerrfce to the cause of commefdal 
edncadoB by the oppoitune productioii of this Tohune. . . . The work Is pecuHarfy acceptable to 
En^ish leaden and an admirable addition to eristing class books. In a phrase, we think the work 
attdns its object in furnishing a brief account of those laws and customs of British trade with whkh 
the commercial man interested therein should be familiar."— CAamAtfr •^Commera youmal. 

" An hivaluable guide In the hands of those who are preparing for a o>mmerclal career, and» 
in hett the biformatioo it contains on matters of business should be hnpressed on every one."— 
C $mtimf iiousf, 

THE FOREIGN COMMERCIAL CORRESPONDENT. 

Being Aids to Commercial Corresi>ondence in Five Languages — English^ 

French, German, Italian, and Spanish. By Conkad S. Bakbr. Third 

Edition, Carefully Revised Throughout. Crown 8vo, cloth . . . 4>/6 

" Whoever wishes to correspond In all the languages mentioned by Mr. Baker cannot do 

better th^p. study thb work, the materials of which are exceUent and o>nveniently arranged. They 

consist not of entire specimen letters, but— what are for more useful— short passages, sentences, oi 

phrases expressing the same general idea in various fonas"—Atkenaum. 

"A careful exammation has convinced us that it Is unusually complete, well arranged and 
leBable. The book is a thoroughly good oaa."—Sckoolmafttr, 



FACTORY ACCOUNTS: their PRINCIPLES a. PRACTICE. 

A Handbook for Accotmtants and Manufacturers, with Appendices on the 
Nomenclature of Machine Details ; the Income Tax Acts : the Rating of 
Factories ; Fire and Boiler Insurance ; the Factory and Workshop Acts, ac, 
including also a Glossary of Terms and a large number of Specimen Rulings. 
By Emilb Garckb and J. M. Fells. Fifth Edition, Revised and Enlarged. 
Demy 8vo, cloth 7/6 

" A very interesting description of the requirements of Factory Accounts. . . . The principle 
of assimilating the Factory Accounts to the general commercial books Is one which we thoroughly 
agree ynth."—AccouniafUs' youmal, 

" Characterised by extreme thoroughness. There are few owners of factories triio would not 
derive great benefit from the perusal of this most admirable woii^"-'LocalGaverHftuni ChronieU, 

MODERN METROLOGY. 

A Manual of the Metrical Units and Systems of the present Century. NVith 

an Appendix containing a proposed English System. B^ Lewis D. A. 

Jackson, A. M. Inst. C. £., Author of " Aid to Survey Practice," &c. Large 

crown 8vo, cloth 1 2/6 

"We recommend the woric to all interested In the practical reform of our weights and 
"—Nature. 



A SERIES OF METRIC TABLES. 

In which, the British Standard Measures and Weights are compared with those 
of the Metric System at present in Use on the Continent. ByC. H. Dowling, 

C.E. 8vo, cloth 10/6 

" Mr. Dowllng's TaUes are well put togtther as a ready reckoner for the conversion of one 
system Into the othKt."—uttheMaum. 

IRON AND METAL TRADES' COMPANION. 

For Expeditiously Ascertaining the Value of any Goods bought or sold by 
Weight, from is. per cwt. to xxas. per cwt., and from one farthing per pound to 
one shilling per pound. By Thomas Downib. Strongly bound in leather, 

396 pp 9/0 

" A most useful set of tables, nothing like them before existed."— A««tftfifM|f N*ws. 
" Although specially adapted to the iron and metal trades, the Ubles wlU be found usefiil in 
eveiy other business in which merchandise is bought and sold by weight."— i?«tf«w> Ntws, 
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NUMBER, WEIQHTt AND FRACTIONAL CALCULATOR. 

Cootaimng opwards of mso^ooo Se^Murmte Calcakdoot, shoving at a Glance the 
ValiM at 4n Different Rates, nmging from j^th of a Penn^ to aos. each, or per 
cwt., and £ao per ton, of any number of articles coosecntiTely, from x to 470. 
Any number or cwts.. ors., and lbs., from x cwt. to 470 cwts. Any numbo- of 
tons, cwts., qrs., ano lbs., from x to x,ooo tons. By Wiixiam Chaowick, 
Public Accountant. Third Edition, Revised and Improved. 8vo, strongly 
bound •..••.....•.• 18/0 



" It to M Msjr of ninvnce for any answer or any Dumboff oi answon as a dictloiuty. Pot 
■mUm up accounts or wdmatos tho book mint piovo mTaluablo to all who havo any con«danbla 
quaatmr of calculatloos Involvinff pike and moasura In any combination to da.''~^ngifu*r. 

"Thm moat pocfact woik of th« kind yet prepared."— C/aj^w Utrmid. 

THE WEIGHT CALCULATOR. 

Being a Series of Tables npon a New and Comprdiaisive Plan, exhibiting at 
one Reference the exact Value of any Weight from x lb. to X5 tons, at 300 
Progressive Rates, firom id. to 1685. per cwt., and containing z86.ooo Direct 
Answers, which, with their Combinations, consisting of a single additiaD 
(mostly to be performed at sight), will aflord an aggregate ctt 10,366,000 
Answers ; the wnole being calculated and designed to ensure correctness and 

e remote despatch. By Hbnky Harbbn, Accountant. Sixth Edition, carefully 
orrected. Royal 8vo, strongly half-bound. [/ust PuSUsJUd. £1 6s. 

** A practical and uaeftil work of reference for men of burineaa eeoenDy."— /twm: 
"Ofprkelea 



value to biirineu meo. It to a necewary book in all mercantile 01 



THE DISCOUNT OUIDE. 

Comprising several Series of Tables for the Use of Merchants, ManafrctuFers, 
Ironmongers, and Others, by which maybe ascertained the Exact Profit arising 
from anv mode of using Discounts, either in the Purchase or Sale of Goods, and 
the method of either Altering a Rate of Discount, or Advancing a Price, so as 
to produce, by one operation, a sum that will realise anv required Profit after 
allowing one or more Discounts : to which are added Tables of Pr<^ or 
Advance from xi to 90 per cent.. Tables of Discount from xi; to 98I per cent., 
and Tables of Commission, &c., from ( to xo per cent. By IIknrt Hasbbm, 
Accountant. New Edition, Corrected. Demy 8vo, half-bound . £1 6a. 
** A book such as thto can only be appreciated by business men, to whom tlie saving of time 



saving of money. The work must prove of great value to mercl>ants» manufoctums. and 
feaenl tfeden.''-.^fnA&r* 7>md$ ymtrnmi. 

TABLES OP WAQE5. 

At 54* 5*1 50 and a8 Hours per Week. Showing the Amounts of Wages from 
One quarter of an nour to Sixty-four hours, in each case at Rates of Wages 
advancing by One Shilling from 4s. to 55s. per wedc By Thos. Gakbutt, 
Accountant. Square crown 8vo, half-bound 6/0 

IRON-PLATE WEIGHT TABLES. 

For Iron Shipbuilders, Engineers, and Iron Merdiants. Containing the 
Calculated Weights of upwaras of X50,ooo different sizes of Iron Plates from 
X foot by 6 in. by | in. to xo feet by k feet by x in. ^ Worked out on the Basb of 
40 lbs. to the square foot of Iron of x inch in thickness. By H. Bukumsom 
and W. H. Simpson. 410, half-bound £1 6s. 
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AGRICULTURE, FARMING, 
GARDENING, ETC. 



THE COMPLETE QRAZIER AND FARMER'S AND 

CATTLE BRBBDER'S ASSISTANT. 

A Compendium of Hnsbandir. Originally Written b^ William Youatt. 
Fonrteenth Edition, entirely Re-written, considerably Enlarged, and brought 
w^ to Present Requirements, by William Frkam, LL.D., Assistant Com- 
missioner. Royal Commission on Agriculture, Author of " The Elements of 
Agriculture," &c. Royal 8vo, i,xoo pp., 450 Illustrations, handsomely bound. 

£1 lis. 60. 



Book i. on the Varibtibs, brbbding, 

RBARING, FATTBNIMG and llANACB' 
MBNT OF CATTLB. 

Book ii. on thb economy and man- 

agbmbnt of thb Dairy. 
Book hi. on the Brbbding. Rbabing, 

AMD MANACBMBNT OF HORSBS. 

Book iv. on the breeding. rbaring» 

AMD FATTBNING OF SHEEP. 

Book v. on thb Breeding, Rbabing, 

AMD Fattening of swine. 
BOOK VI. on THB Diseases of Livb 

stock. 



BOOK VII. ON THE Breeding, Rearing, 

AND MANAGEMBNT OF POULTRY. 

Book viii. on farm offices and 

implements of husbandry. 
Book IX. on the Culturb and Mam* 

agbmbnt of Grass Lands. 
Book X. On the Cultivation and 

Application of Grasses, pulse and 

Roots. 
Book xi. On Manurbs and their 

Application to Grass land and 

Crops. 
Book xil. Monthly calendars of 

Farmwork. 

" Dr. Freain Is to be coognuhilated on the soccenful attempt he has made to ghre ui a work 
whicli win at once become the standard daidc of the fium practice of the country. We beUeve 
that It will be found that it has no compeer among the many wmrks at present In ezmence. . . . 
The flhtatrations are admirable, whUe the frontispiece, which represents the weD-known buB, 
New Year's Gift, bred by the Queen, is a work ci wet"— Ike Times. 

"The book must be recognised as occupying the proud position of the most exhausthre work 
of safaience in the English language on the subject with which it deals."— ^<4w*urwM. 

" The most comprehensiTe guide to modem frurm practice that exists in the Fjigiish language 
to.dBy. . . . The book is one that ought to be on every turn and in the library of every land 
owner."— .IfarA Lane Ejepress. 

" In point of exhaustlTeness and accuracy the work will certainly hold a pre-eminent and 
onlqae position amoiu; books dealing with scientific agricultural practice. It Is, In fact, an anicul- 
tmral Hbcary of itseil''— A'atM BriHsh AgricHtturist, 

FARM LIVB 5T0CK OP GREAT BRITAIN. 

By Robert Wallace, F.L.S., F.R.S.E.. &c, Professor of Agriculture and 
Rural Economy in the University of EUlinourgh. Third Edition, thoroughly 
Revised and considerably Enlarged. With over 120 Phototypes of Prize 
Stock. Demy 8vo, 384 pp., with 79 Plates and Maps, cloth. . 1 2/6 

" A really complete work on the history, breeds, and management of the Cum stock of Great 
Britain, and one which is likely to ind its way to the shelves of every country genttoman's library." 
^Th* rimes. 

"The ' Farm Live Stock of Great Britain' Is a production to be proud of, and Its Issue not the 
least of the services which its author has rendered to agricultural science."— SmMtA Farmer. 

NOTE-BOOK OF AGRICULTURAL FACTS & FIGURES 

FOR FARMERS AND FARM STUDENTS. 

By Primrose McConnell, B.Sc., Fellow of the Highland and Agricultural 
Society, Author of " Elements of Farming." Sixth Edition, Re-written, Revised, 
and greatly Enlarged. Fcap. 8vo, 480 pp., leather, gilt edges • 6/0 

CONTENTS.— SURVEYING AND LEVBLLING.—WEIGHTS AND MEASURES.— MACHINERY 
AND BUILDINGS. — LABOUR. — OPERATIONS. — DRAINING. — EMBANKING. — GEOLOGICAL 
MEMORANDA. — SOILS. — MANURBS. — CROPPING. — CROPS.— ROTATIONS. — WEEDS. — 
FEEDING.— DAIRYING.— LIVE STOCK.— HORSES. — CATTLE. — SHEEP.— PIGS.— POULTRY,— 
FORBSTRY.—HORTICULTURB.— MISCELLANEOUS. 

" No farmer, and certainly no agricultural student, ought to be without this tmMUutft^H-^ttrve 
■unmal of all subjects connected with the Unu."—JVerth British AericMtturist. 

" This little pocket-book contains a large amount of useful information upon all kinds of 
agricultural subjects. Something of the kind has long been wanted." — Mark Lane Bieptess. 

"The amount of information it cootirins Is most surprising; the arrangement of the matter is 
so SMrtKHllcal ahhough so compressed— es to belntelliglDie toeveiyoaewfao takesaglanoetiisoagh 
Its pages. They teem with information."— ^arm and Home. 

THE ELEMENTS OF AGRICULTURAL GEOLOGY. 

A Scientific Aid to Practical Farming. By Primrose McConnell. Author 01 
"Note-Book of Agricultural Facts and Figures," &c. Royal 8vo, cloth. 

N«<21/0 

" On every page the work bears the impress of a masterly knowledge of the subject dealt 
with, and we have nothing but unstinted praise to offex."— Field, 
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BRITISH DAIRYING. 

A Handy Volame on tb« Work of the Dairy- Farm. For the Un of Tecfaakal 
Instmction Classes, Stndents in Agricultural Colleges and the Working Dairy- 
Farmer. Bv Prof. J. P. Shkldom. With Illustrations. Second Edition, 
Revised. Crown 8vo, cloth 2/0 

' Coofidantly tecommended u m oaeAil test-book oa dalijr btmiiog.''—Aitimltm ml 
' " Qm' " ' .... 



Piobebljr die beet hatf-crown manual on dalfy woik that has yet bean prod u ced."— JW»rO 
Uitrist. 
soundeat Httle work w have yet aeea on the subject."— TAc TYmct. 



BHttsk jttTiaiJhtrist. 
■* It b the sound 



MILK, CHEESE, AND BUTTER. 

A Practical Handbook on their Properties and the Processes of their Produc- 
tion. Including a Chapter on Cream and the Methods of its Separation from 
Milk. By Tohn Olivbk, late Principal of the Western Daury Institute, 
Berkeley. With Coloured Plates and soo Illustrations. Crown 8vo, doth. 

7/e 



** An exhaustive and masteily producthm. It may be cordially lacoounendad to aD 
and pnctitioaen of daiiy idance.''— yv«r<* British AgrieuUMritt. 

** We recommend this very compnhenihre and caiefuUy-wxitten book to daby-CHmafS and 
atodants of dalryinf . It Is a distlnet acquisition to the Ubtaiy of the aciicultuilst.''— WirwMAMM/ 
GejMttf. 

SYSTEMATIC SMALL FARMING. 

Or, The Lessons of My Farm. Being an Introduction to Modem Farm 
Practice for Small Farmers. By R. Scott Burn, Author ct " Outlines of 

Modem Farming," &c. Crown 8vo, cloth 6/0 

"This is the completest book of its class we have lean, and one which every amatfwr temer 
win read with pleasure, and accept as a guide."— ^iteitf. 

OUTLINES OP MODERN FARMING. 

By R. Scott Busn. Soils, Manures, and Crops — Farmin|[ and Farming 
Economy — Cattle^ Sheep, and Horses — Management of Dauy^ Pifis, and 
Poultry — ^Utilisation of Town-Sewage, Irrigation, &c. Sixth Edition. In One 
Vol., x,s5o pp., half-bound, profusely Illustrated 1 2/0 

FARM ENOINEERINQ, The COMPLETE TEXT-BOOK of. 

Comprising Draining and Embanking ; Irrigation and Water Supplv ; Farm 
Roads, Fences and Gates ; Farm Buildings ; Bam Implements and Machines; 
Field Implements and Machines ; Agricultural Surveying, &c. Bv Professor 
John Scott. In One Vol., 1,150 pp., half-bound, with over 600 Illustrations. 

12/0 
" Written with great care, as well as with knowledge and ability. The author has done his 
work well ; we have found him a very trustworthy guide wherever we have tested his state m e nt s. 
The volume will be of great value to agricultural students."— iforA iMtu Exprtsx, 

THE FIELD5 OF GREAT BRITAIN. 

A Text-Book of Agriculture. Adapted to the Syllabus of the Science and 
Art Department. For Elementary and Advanced Students. By Hugh 
Clbmbmts (Board of Trade). Second Edition, Revised, with Additions. 
i8mo, cloth 2/0 

" It is a long time since we have seen a book which has pleased us more, or which contains 
such a vast and useful fund of knowledge."— £<fM«aitiMa/ Titnu. 

TABLE5 and MEMORANDA for FARMERS, QRAZIER5» 

AQRICULTURAL STUDBNT5, 5URVBY0RS, LAND AQBNTS. 
AUCTIONBBRS, &c. 

With a New System of Farm Book-keeping. By Sidney Francis. Fifth 
Edition. 272 pp., waistcoat-pocket size, limp leather . . . '1/8 



** Weighing less than i os., and occopvingno more space than a match-box. It contains amass 
of focts ana calculations which has never before, in such handy form, been obtainable. Evety 
opetedon on the turn is dealt with. The work may be taken as thoroughly accurate, the whole of 
Uie Ubles having been revised by Dr. Fream. We cordially recommend it."— /fcZTx JVtekfy 
Mtstengtr. 

THE R0THAM5TED EXPERIMENTS AND THEIR 

PRACTICAL LB550N5 FOR PARMBR5. 

Part I. Stock. Part II. Ckops. By C. J. R. Tippbr. Crown 8vo, doth. 

8/6 

•'We have no doubt that the book win be wdcomed by a large class of fenmevs and otheis 
interested in a8ricttltuve."-^<teM4fanf. 
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FERTILISERS AND FEEDING 5TUFF5. 

Their Properties and Uses. A Handbook for the Practical Farmer. By 
Bbrnard Dvsb, D.Sc. (Loud.). With the Text of the Fertilisers and Feeding 
StaffK Act of 1893, The Regulations and Forms of the Board of Afi^riculture, 
and Notes on the Act by A. J. David, B.A., LL.M. Fourth Edition, Revised. 
Crown 8vo, cloth. [Just Published, 1/0 



**This little book Is precisely what it professes to be— *A Handboolc for the Practical 
Fumer.' Dr. Dyer has done fturmris good service in placing at tlieir disposal so nrnch useftil 
talbtmatloa In so inteillgibie a fonn."— 7Vm Ttmts. 

eEE5 FOR PLEASURE AND PROFIT. 

A Guide to the Manipulation of Bees, the Production of Honey, and the 
General Management of the Apiary. By G. Gordon Samson. With 
nameroos lUuttrations. Crown 8vo, wrapper . •1/0 

BOOK-KEEPING for FARMERS and E5TATE OWNERS. 

A Practical Treatise, presenting, in Three Plans, a Svstem adapted for all 
Classes of Farms. By Johnson M. Woodman, Chartered Accountant. 
Fourth Edition. Crown 8vo, cloth. [Just Publishsd. 2/6 

** The Toiiime to a capital study of a most important tahJ9cL"—jt£ricultur»l GoMtttf. 

WOODMAN'5 YEARLY FARM ACCOUNT BOOK. 

Giving Weekly Labour Account and Diary, and showing the Income and 
Expenditure under each Department of Crops, Live Stodk, Dairy, &c., &c. 
With Valuation, Profit and Loss Account, and Balance Sheet at the End ot titt 
Year. By Johnson M. Woodman, Chartered Accountant. Second Edition. 

FoUo, haif-bonnd Ntt 7/6 

** Contdns ererjr requisite for keeping farm accounts le a dPy and accuntely.''— ^^nfcwAMrv. 

THE FORCING GARDEN. 

Or, How to Grow Early Fruits, Flowers and Vegetables. With Plans and 
Estimates for Building Glasshouses, Pits and Frames. With Illustrations. 
By Samubl Wood. Crown 8vo, cloth . .- . . 3/6 

" A good book, containing a great deal of Talnable teachfaag."— <;anCm«rr' Mt^prnMiHt, 

A PLAIN GUIDE TO GOOD GARDENING. 

Or, How to Grow Vegetables, Fniits, and Flowers. Bv S. Wood. Fourth 

Edition, with considerable Additions, and numerous Illustrations. Crown 

8vo, doth 8/6 

** A very good book, and one to be highly recommended as a practical guide. The practical 
•directions are excellent."— ^M«rurM«n. 

MULTUM-IN-PARYO GARDENING. 

Or, How to Make One Acre of Land produce ;£62o a year, by the Cultivation 
of Fruits and Vegetables ; also, How to Grow Flowers in Three Glass Houses, 
so as to realise ^176 per annum clear Profit. By Samusl Wood, Author of 
"Good Gardening, ''&c Sixth Edition, Crown 8vo, sewed . . .1/0 

THE LADIES' MULTUM-IN-PARVO FLOWER GARDEN. 

And Amateur's Complete Guide. By S. Wood. Crown 8vo, doth . 3/6 

POTATOES: HOW TO GROW AND 5H0W THEM. 

A Practical Guide to the Cultivation and General Treatment of the Potato. 
By J. Pink. Crown 8vo . . 2/0 

MARKET AND KITCHEN GARDENING. 

By C. W. Shaw, late Editor of "Gardening Illustrated." Crjwn Bvo, doth. 

8.6 



46 CROSBY LOCKWOOD «• SON'S CATALOGUE. 



AUCTIONEERING, VALUING, LAND 
SURVEYING, ESTATE AGENCY, ETC. 



INWOOD'5 TABLES FOR PURCHASING E5TATE5 

AND FOR THB VALUATION OP PROPBRTIBS, 

Including Advowsons, Assurance Policies, Copyholds, Deferred Annuities^ 
Freeholds, Ground Rents, Immediate Annuities, Leaseholds, Life Interests, 
Mortgages, Perpetuities, Renewals of Leases. Reversions, Sinking Fonda, 
&c., &c. s^th Edition, Revised and Extended by William Schooumg, 
F.R.A.S., with Lojpurithms of Natural Numbers and Thoman's Loffvithmic 
Interest and Annuity Tables. 360 pp., Demy 8vo, doth. 

" TboM InterMted In the puichase and nle of wtatas. and in tke adliutmant ofcompenwtfam 
wall as In tianaactloos in annuitiai, Ufa Insunmoea. Ac, wm and the pwant edUon of 



aorvlco. "-^nriittriHe. 

**This Taluablo Dook has been considerabljr enUised and impioTed by the laboiin of 
Mr. Schooling, and is now vary complete \n6»td.''-~E c » M » i m i st, 

" Altogether this edition will prove of nxtmne value to many claaaes of proHnaihieal man la 
saving them many long and tedious calculations."— /wnrx4»rr' RtvUw, 

THE APPRAISER, AUCTIONEER, BROKER, H0U5E 

AND B5TATB AOBNT AND VALUBR'5 POCKBT A55LSTANT. 

For the Valuation for Purchase, Sale, or Renewal of Leases, Annuities, and 
Reversions, and of Property generally ; with Prices for Inventories, &c. By 

^OHN Whbblbr, Valuer, &c. Sixth Edition, Re-written and greatly Extended 
y C. Norms. Royal samo, cloth 5/0 

A neat and concise book of reference, containing an admirable and cleafly.arranged Hst of 



prices for Inventories, and a verv practical guide to determine the value of funiituie, Ac "-^Stmndard. 
" Contains a large quantity of variea and oseiul inibnnatioa as to the valuation for pufcbase^ 
sale, or renewal of l e aaas , annuities and revisions, and of ptopeity generally, with pclcee for 
Inventories, and a guide to determine the vahae of interior fittings and other ^tttKtk.'—aulUtr. 

AUCTIONEERS: THEIR DUTIES AND LIABILITIES. 

A Manual of Instruction and Counsel for the Voone Auctioneer. By Robkkt 
Squibbs, Auctioneer. Second Edition, Revised. Demy Bvo, doth . 12/8 

**The woik Is one of general excellent character, and gtvea mnch Infctm atlon In a com- 
pendious and satisfactory §ima.''—<BuiU€r. 

"May be recommended as givtog m mtA deal of Infoonatloa on the law wlatlng to 
auetloneen. In a very readable fJonn/*— X«w ytumm/ . 

THE AGRICULTURAL VALUER'S A55I5TANT. 

A Practical Handbook on the Valuation - of Landed Estates ; tndnding 
Example of a Detailed Report on Management and Realisation; Forms ot 
Valuations of Tenant Right ; Lists of Local Agricultural Customs ; Scales of 
Compensation under the Agricultural Holdings Act, and a Brief Treatise on 
Compensation under the Luids Clauses Acts, &c. By Ton Bright, Agricnl- 
tural Viduer. Author of "The Agricultural Surveyor and Estate Agent's 
Handbook." Fourth Edition, Revised, with Appendix containing a Digest of 
the Agricultural Holdings Acts, 1883 and 1900. Crown 8vo, cloth . Net 6/0 



•• Full of tables and examples in connection with the vahiatlon of tenant-right, eitates. laboar» 
contents and weights of timber, and fium produce of all )dad^"—Arr»eu/iMrmi Gtuttm. 

" A.n eminently practical handbook, fuO of practical tebles and dataofundoabtad T 
vakie to surveyors and auctio n e ers in preparing valuations of all kinds. "— 



POLE PLANTATIONS AND UNDERW00D5. 

A Practical Handbook on Estimating the Cost of Forming, Renovating, 
Improving, and Grubbing Plantations and Underwoods, their Valuation for 
Paqposes of Transfer, Rental, Sale or Assessment. By Tom Bkigrt. Crown 

8vo, cloth 3/6 

••Te vahMEi. fonstets and i«ents It wffl be a wekxmw ahL"— JV'tfrA «*'Mc*^iTifeac^^ 
** Well catenlated to aad st tba vetogr m the dischaige of his dntiea, and of undoubted f 
and use both to sniveyais and anctlaiieea in 1 
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AGRICULTURAL SURVEYOR AND E5TATE AQENT5 

HANDBOOK. 

Of Practical Rules, FormttUe, Tables, and Data. A Comprehensive Manual 
for the Use of Survejrors, Agents, Landowners, and others interested in the 
Equipment, the Management, or the Valuation of Landed Estates. By 
Tom Bright, Agricultural Surveyor and Valuer, Author of " The Agn- 
cmltural Valuer's Assistant," &c. With Illustrations. Fcap. 8vo, Leather. 

J^Tet 7/6 
** An exceedingly useful book, the contents of which are admirably chosen. The classes for 
whom the work is intended will find it convenient to have this comprehensive handbook accessible 
for leference."— Z.ri« StocA Jf0urruU. 

" It is a singularly compact and well informed compendium of the facts and figures likely to 
be required in estate woric, and is certain to prove of much service to those to whom it is 
midnmeA.'Seotsman. 

THE LAND VALUER'S BEST ASSISTANT. 

Being Tables on a very much Improved Plan, for Calculating the Value of 
Estates. With Tables for reducing Scotch, Irish, and Provincial Customary 
Acres to Statute Measure. &c. By R. Hudson, C.E. New Edition. 

Rojral samo, leather, elastic band 4/0 

" Of Incaleulable value to the country gentleman and professional man."— Farm«ri' youmal, 

THE LAND IMPROVER'S POCKET-BOOK. 

Comprising Formulae, Tables, and Memoranda required in any Computation 

relating to the Permanent Imorovement of Landed Property. By Tohn Ewart, 

Surveyor. Second EditicHi, Revised. Rojral aamo, oblong, leather . 4/0 

** A compendious and handy little voktma.* 



THE LAND VALUER'S COMPLETE POCKET-BOOK. 

Being the above Two Works bound t<%ether. Leather . . • • 7/G 

HANDBOOK OP HOUSE PROPERTY. 

A Popular and Practical Guide to^ the Purchase, Tenancy, and Com* 
pulsory Sale of Houses and Land,^ including Dilapidations and Fixtures : 
with Examples of all kinds of Valuations, Information on Building and on the 
rip;ht use <n Decorative Art. By E. L. Tarbuck, Architect and Surveyor. 
Sixth EUlition. lamo, cloth . O/Q 

" The advice is thoroughly practicaL**— Zaw journal. 

" For all who have deanngs with house property, this is an Indispensable guide."— ZVcwrwitfM*. 
" Carefiilly brought up to date, and much tJonproved by the addltioa of a division on Fine Art. 
A well-wiitten and thoughtfiil woA."—LaMd Agmt^ IUc9rd, 



LAW AND MISCELLANEOUS. 



MODERN JOURNALISM. 

A Handbook of Instruction and Counsel for the Young Journalist. By John 

B. Mackib, Fellow of the Institute of Journalists. Crown 8vo, cloth . 2/0 

" This invaluable guide to journalism is a work which all aspirants to a Journalistic career will 
reed with advantage."— ^(wma/ir^L 

HANDBOOK FOR SOLICITORS AND ENGINEERS 

Engaged in Promoting Private Acts of Parliament and Provisional Orders for 
the Authorisation of Railways, Tramways, Gas and Water Works, &c. 
By L. L. Macassbt, of the Middle Temple, Barrister-at-Law, M.I.C.E. 
8vo, cloth £1 6t. 

PATENTS lor INVENTIONS, HOW to PROCURE THEM. 

Compiled for the Use of Inventors, Patentees and others. By G. G. M. 
Haroingham, Assoc. Mem. Inst. C.E., &c. Demy 8vo, cloth '1/6 

CONCILIATION & ARBITRATION in LABOUR DISPUTES. 

A Historical Sketch and Brief Statement of the Present Position of the 
Question at Home and Abroad. By J. S. Jeans. Crown 8vo, aoo pp., 
cloth . « 2/6 



CROSBY LOCK WOOD ^ SON'S CATALOGOS. 



eVBRY MAN*S OWN LAWYER. 

A Handy-Book of the Principles of Law and Equity. With a Conoae 
Dictionary of Legal Terms. By A Bakristbk. Forty-first Edition, care- 
fully Revised, and comprising Mew Acts of Parliament, including the Motor 
Car Act, 1003*. Employmtnt ofChUdr§n Act, 1003; Pistols Act, 1003; Poor 
Prisoners* Defence Act, 1903 ; Education Acts of 190a and 1903 ; Housing of 
the Working Classes Act, 1003, &c. Judicial Decisums pronrninced dun ig the 
year have also been duly noted. Crovm 8vo, 800 pp., strongly bound in cloth. 

Just Published. 6/8 
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This StmnJmrd Work of Re/trtnce form* a Complbtb Epitomb op thx 
Laws op England, com^sing {amongst otktrmmttgr^: 



THE RIGHTS AND WRONGS OF INDIVIDUALS 



LandxjOko and TBNANT 
Vbndoks and Purchasbks 

LBASBS and llORTGAGBS 

tOINT-STOCK COMPANIBS 
f ASTBBS. SBRVANTS AND WORKMBN 
CONTRACTS AND ACRBBMBNTS 
MONBY LBNDBRS, SURBTISHIP 

Partnbrship. Shipping Law 
Saub and Purchasb op goods 
Chbqubs. Bills and Notbs 
Bills op Salb, Bankruptcy 

LIPB. FiRB, AND MARINB INSURANCB 
LlBBL AND SLANDBR 



I 



CRIMINAL Law 

PARLIAMBNTARY ELBCTIOMS 

county councils 
District and Parish Counols 
Borough Corporations 
Trustbbs and Exbcutors 
Clbrcy and Churcmwarobns 
Copyright, Patbnts, Traob Marks 
Husband and Wipb. Divorcb 
INPANCY, Custody op Childrbn 
Public hbalth and nuisancbs 
innkbbpbrs and sporting 

TAXBS AND DBATH DUTIBS 



FORMS OP Wills, agbbbmbnts. noticbs, Ac. 



■■r Tkt thjtt ^OtU w^k is t» emmhU thf wha e0HSultit t» Mel^ Ottmstlvts * Ac 
mui aur tt j tt dit^tmstt ms/armsMstiHe, wUh prm^simmmi €usis»ama mndadtda. Then 
mmf^y wnrngs mma gritv mne ts which ferstns submit t» /Vwm time t» time Uwugh net 
hem er where te t^ly ftr redress: and many / e rswu have as great a dreadq^m 
lawyer' t qfite as ^a hen's den. With this book at hand *t is heUeved thai many a SlX-AND- 
ElGHTPBNCB may be saved, ' many a wrong redressed ; many a right redaimed: many a lam 
enitawoided; and many an evil abated. The work has estmbhsheditsef^ as the sia$idard l^gmi 
adpiser e^aii classes, and has also made a r^tUoHonfor itself as a usiJUlbook 0/ refirenee/^ 
l a w y e rs residing at a distance frmn law libraries^ who are glad to home at hand 
embodyifgi'ecentdetisiensi 



*«* Opinions op thb Pbkss. 



**The amount of infonnation j^ven in the volume is dmply wonderfiiL The conttnued 
popularity of the work shows that it fulfils a useful purpose."— Z.aw yonrnal. 

** As a book of reference this volume is without a rival. "—/W/ Mail GametU. 

" No Englishman ought to be without this hoolt.''— Engineer. 

" Ought to be in every business establishment and in all Vtbnxies.''-~Shejfffeld Post. 

" The * Concise Dictionary ' adds considerably to its value."— V«/mtMJ/«r Casette, 

" It Is a complete code of English Law wfltten In plain language, which aD can ondantaiid. 
. . . Should be tak the hands of eveiy b uslue i a ^nan, and aH who wlA to aboMshlawyei^ 
Weekly Times. 

" A osefiil and concise epitome of thelaw, complied with coasiderabtecan 

" A complete digest of the most useful furts which constitnte Eagfish ymm."— Glebe. 

"Admirably done, admirably arranged, and admliabfy cheap." Leeds Mercury. 

■* A concise, cheap, and complete epitome of the English law. So plainly written tiiatbeiAo 
tVBS may read, and he who reads may nndetstand."^^v***> 

" A dkrtionary of legal bets wen pot together. The book Is a vety usalnl ( 



LABOUR CONTRACTS. 

A Popular Handbook on the Law of Contracts for Works and Ser vi ce s . By 
David Gibbons. Fourth Editicm, with Appendix of Statutes by T. F. Uttlbt, 



SoUcttor. Faq>. 8vo, cloth 



3/6 
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2 VVEALE'S SCIENTIFIC AND TECHNICAL SERIES. 



CIVIL ENGINEERING & SURVEYING. 
Civil Bntfineerintf. 

By Hknry Law, M.Inst.C.E. InctudinK a Treatise on Hydraulic 
Enginbkking by G. K. Burnbll, M.I.CE. Seventh Edition, revised, 
with Largr Additions by D. K. Clark, M.I.CE. . . 6/6 

Pioneer Bngineeping: 

A I'rea iie on the Engineering Operations connected with the Settlemtfit of 
Wnste 1 ands in New C ountries. By Edward Dobson, M.I^ST.C.E. 
With numerous Plates. Second Edition 4/6 

Iron Bridges of Moderate Span: 

Their Construction and Erection. By Hamilton W. Pendrkd. With 40 
Illustrations 2/0 

Iron and Steel Bridges and Yiadnots. 

A Practical Treatise upun their Construction for the nse of Engineers, 
Draught men, and Students. Hy Francis Campin, C.E. With numerous 
Illustrations 3/6 

Constructional Iron and Steel IHTork, 

As applied to Public, Private, and Domestic BuilJings. By Francis 
Campin, C.E 3/6 

Tubular and other Iron Girder Bridges. 

Describing the Britannia and Conway Tubular Bi idges. By G. Drvsdalb 
Dbmisey, C.E. Fourth Edition 2/0 

Materials and Oonstruction : 

A Theoretical and Practical Treatise on the Strains, Designing, and Erec- 
tion of Works of Construction. By Francis Campin, C.E. . . 3/0 

Sanitary Work in the Smaller Towns and in Villages. 

By Charles Slagg, Assoc. M.Inst.C.E. Third Edition . . 3/0 

Roads and Streets (The Construction of). 

In Two Parts: I. The Art of Constructing Common Roads, by H. 
Law» C.E., Revised by D. K. Cuark, C.E. ; II. Recent Practice: In- 
cluding Pavements of Wood, Asphalte, &c. By D. K. Clark, C.E. 4/6 

OaM Works (The Construction of), 

And the Manufacture and Distribution of Coal Gas. By S. Hughes, C.E. 
Re-written by William Richards, C.E. Eighth Edition . . 6/6 

Water Works 

For the Supp'y of Cities and Towns. With a Description of the Principal 
Cieolotfical Formations of England as influencing Supplies of Water. By 
Samuel Hughes, F.G.S., C.E. Enlarged Edition .... 4/0 

The Power of Water, 

As applied to drive Flour Mills, and to give motion to Turbines and other 
Hydrostatic Engines. By Joseph Glvnn, F.R.S. New Edition . 2/0 

Wells and Well-Sinking. 

By John Geo. Swindell, A.R.I.B.A., and G. R. Bitrnbll, CE. Revised 
Edition. With a New Appendix on the Qualities of Water. Illustrated 2/0 

The Drainage of Lands, Towns, and Buildings. 

By G. D. DBMfSBY, CE. Revised, vrith large Additions on Recent 
Practice, by D. K. Clark, M.I.CE. Third Edition . . . 4/6 

The Blasting and Quarrying of Stone, 

For Building and other Purposes. With Remarks on dM Blowing op of 
Bridges. By Gen. Sir J. Burgoynb, ICC.B. . . , ... f /6 

Foundations and Concrete Works. 

With Practical Remarks on Footings, Plankins, Sand, Concrete, B^ton, 
Pile-driving, Caissons, and Cofferdams. By £. Dobson, M.R.I.B.A. 
Eighth Edition '• • • 1 /6 



WEALE'S SCIENTIFIC AND TECHNICAL SERIES. 3 
PnttumaticMi, 

Including Acoustics and the Phenomena of Wind Currents, for the Use of 
Beginners. By Charles Tomlinson, F.R.S. Fourth Edition . t/6 

XAnd and SSngineering Sarreying. 

For StudenUand Practical Use. ByT. Bakkr,CE. Eighteenth Edition, 
Revised and Extended by F. £. Dixon, AM. Inst. C.E., Professional Asso- 
ciate of the Institution of Surveyors, with numerous Illustrations and two 
Lithographic Plates \J ust published 210 

MttUBuration and Mdasarintf. 

For Students and Practical Use. With the Mensuration and Levelling of 
Land for the purposes of Modem Engineering. By T. Bakbk, C.E. New 
Edition by £. Nugbnt, C.£ 1/6 

MINING AND METALLURGY 
Mining Galoulations, 

For the use of Students Preparing for the Examinations for Colliery 
Managers' Certificates, comprising numerous Rules and Examples in 
Arithmetic, Algebra, and Mensuration. By T. A. 0*Donahcb, M.E., 
First-Class Certificated Colliery Manager. \Just publiihgd, 3/6 

Mineralogy, 

Rudimenu of. By A. Ramsay, F.G.S. Fourth Edition, revised and 
enlarged. Woodcuts and Plates 3/6 

Coal and Coal Mining, 

A Rudiuentary Treatise on. By the late Sir Warington W. Smyth, 
F.R.S. Eighth Edition, revised by T. FoRSTER Brown • . . 3/6 

Metallurgy of Iron. 

Containing Methods of Assay, Analyses of Iron Ores, Processes of Manu- 
facture of Iron and Steel, &c. By H. Baukrman, F.G.S. With numerous 
Illustrations. Sixth Eklition, revised and enlarged .... 6/0 

irhe Mineral SurYeyor and Valuer's Complete Guide. 

By W. LiNTBRN. Fourth Edition, with an Appendix on Magnetic and 
Angular Surveying 3/6 

Slate and Slate Quarrying: 

Scientific, Practical, and Commercial. By D. C Davibs, F.G.S. With 
numerous Illustrations and Folding Plates. Fourth Edition . . 3/0 

K First Book of Mining and Quarrying, 

With the Sciences connected therewith, for Primary Schools and Self In- 
struction. By J. H. Collins, F.G.S. Second Edition . . .1/6 

Subterraneous Sunreying, 

. With and without the Magneuc Needle. By T. Fbnwick and T. Baker, 
C.E. Illustrated 2/6 

Mining Tools. 

Manual of. By William Morgans, Lecturer on Practical Mining at the 
Bristol School of Mines 2/6 

Mining Tools, Atlas 

Of Engravings to Illustrate the above, containing 235 Illustrations of Mining 
Tools, drawn to Scale. 4to 4/6 

Physical Geology, 

Partly based on Major-General Portlock's " Rudiments of Geology**' 
By Ralph Tatb, A.L.S., &c. Woodcuts 2/0 

Historioal Geology, 

Partly based on Major-General Portlock's " Rudiments.** By Ralph 
Tate, A.L.S., &c. Woodcuts 2/6 

Geology, Physical and Historioal. 

Consisting of '* Physical Geology," which sets forth the Leading Principles 
of the Science ; and *' Historical Geolc^y,** which treats of ue Mineral 
and Organic Conditions of the Earth at each successive epodi. By Ralph 
Tate, F.G.S. ...... ... 4/6 



4 WflALe'S SCIENTIFIC AND TECHNICAL SERIES. 

MECHANICAL ENGINEERING. 
Th« Workman's Manual of Bnginoerin|[ Drawing. 

By John Maxton, Instnictor in Enffineering Drawing, Royal Iniiniil 
College, Greenwich. Seventh Edition. 300 Plates and Diagnuns . 3/ft 

Fuols: Solid, Liquid, and Oaseous. 

Their Analyns and Valuation. For the Use of Chemists and Engineers. 
By H. J. Phillips, F.CS., formerly Analytical ar^i Consulting Chemist 
to the Great Eastern Railway. Third Edition 2/0 

Fuol, Its Oombustion and Boonomy. 

Consisting of an Abridgment of " A Treatise on the Combustion of Coal and 
the Prevention of Smoke." By C W. Williams, A.I.C.E. With. Exten- 
sive Additions by D. K. Clark, M.Inst.C.£. Fourth Edition . 3/S 

The Boilermaker's Assistant 

In Drawing, Ten^lating, and Calculating Boiler Work, Ac. By J. Coukt- 
NBV, Practical Boilermaker. Eldited by D. K. Clark, C£. . 2/0 

The Boiler-Maker*s Ready Reckoner, 

With Examples of Practical Geometry and Templating for the Use of 
Platers, Smiths, and Riveters. By Johk Courtney. Edited by D. K. 

Clark, M.I.CE. Fourth Edition 4/(> 

*«* The last two Warkn in One Volumt^ half-bound, entitled " Thb Boilsr- 
maker's Rbadv-Rbckonbr and Assistant. By J. Courtney and 
D. K. Clark. Price 7/0. 

Bteam Boilers : 

Their Construction and ManagemenL By R. Armstrong, CE. Illustrated 

1/S 

Steam and Machinery Management. 

A Guide to the Arrangement apd Economical Management of Machinery. 
By M. Powis Bale, M.Inst. M.E 2/S 

Bteam and the Steam Bngine, 

Stationary and Portable. Being an Extension of the Treatis^e on the Steam 
Engine 01 Mr. J. Sewell. By D. K. Clark, CE. Fourth Edition 3/S 

The Steam Bntfine, 

A Treatise on the Mathematical Theory of, with Rules and Exsunples tat 
Practical Men. BvT. Baker, CE f/^ 

The Steam Bngine. 

By Dr. Lardner. Illustrated ) /^ 

Looomotiire Bngines, 

ByG. D. Dempsey, CE. With large Additions treating of the Modern 
Locomotive, by D. K. Clark, M.InstX.E ^JO 

Looomotive Bngine-Driving. 

A Practical Manual for Engineers in charge of Locomotive Engines. By 
Michael Reynolds. Tenth EUlition. y. 6d. limp ; cloth boards . 4/6> 

Stationary Bn^ine-Drivin^. 

A Practical Manual for Engineers in charge of Stationary Engines. By 
Michael Reynolds. Sixth Edition. 3X. 6^. limp ; cloth boards . 4>/& 

The Smithy and Forge. 

Including the Farrier's Art and Coach Smithing. By W. J. E. Crank. 
Fourth Edition 2/& 

Modem Workshop Practice, 



As applied to Marine, Land, and Locomotive Engines, Floating Docks,. 
Dredeing Machines, Bridges, Ship-building, &c. By J. G. Winton. 
Fourth Edition, Illustrated . . 3/6^ 

Mechanical Bntflneering. 

Comprising Metallui^gy, Moulding, Casting, Forging, Tools, Workshop* 
Machinery, Mechanical ManipnIj|tion, Manufacture of the Steam Engine 
&c By Francis Campin, C.£. Third Edition . . . . 2/S 

Details of Macdiinery. 

Comprising Instructions for the Execution of various Works in Iron in the 
Fitting-Ship, Foundry, and Boiler- Yard. By Francis Campin, C.E. 3/0 



WEALES SCIENTIFIC AND TECHNICAL SERIES. 



Blementary En^inottring : 

A Manual for Yuung Marine Kngineers and Apprentices. In the Form of 
Questions and Answers on Metals, Allo3rs, Strength of Materials, &c. 
Uy T. S. Brbwsr. Fourth Edition ) /Q 

Power in Motion: 

Horse-power Motion, Toothed-Wheel Gearing, Long and Short Driving 
Bands, Angular Forces, &c. By James Armouk, CE. Third Edition 2/0 

Iron and Heat, 

Exhibiting the Principles concerned in the Construction of Iron Beams, 
Pillars, and Girden. By J. Armour, C.£ 2/6 

Praotical Meohanism, 

And Machine Tools. By T. Baker, C.E. With Remarks on Tools and 
Machinery, by J. Nasmyth, CE 2/6 

Moehanios : 

Being a concise EUrposition of the General Principles of Mechanical Science, 
and their Applications. By Charles Tomlinson, F.R.S. . .1/6 

Oranos (The Oonstruotion of), 

And other Machinery for Raising Heavy Bodies for the Erection of Build- 
ings, &c. By Joseph Glynn, F.R.S t/Q 



NAVIGATION, SHIPBUILDING,^ ETC, 
The Bailor** Sea Book: 

A Rudimentary Treatise on Navigation. By Jambs Greenwood, B.A. 
With numerous Woodcuts and Coloured Plates. New and enlarged 
Edition. By W. H. Rosser 2/6 

Praotioal Navigation. 

Consisting of The Sailor's Sea-Book, by Jambs Grrenwood and W. H. 
Rosser ; together with Mathematical and Nautical Tables for the Working 
of the Problems, bv Henry Law, C.E., and Prof. J. R. Young . 7/0 

Navigation and Mantical Astronomy, 

In Theory and Practice. By Prof. J. R. Young. New Edition. 2/6 

Mathematioal Tables, 

For Trigonometrical, Astronomical, and Nautical Calculations ; to which is 
prefixed a Treatise on Logarithms. By H. Law, C. E. Together with a 
Series of Tables for Navigation and Nautical Astronomy. By Professor J. 
R. Young. New Edition 4/0 

Masting, Mast-Making, and Rigging of Ships. 

Also Tables of Spars, Rigging, Blocks ; Chain, Wire, and Hemp Ropes, 
&c., relative to every class of vessels. By Robert Kipping, N.A. . 2/0 

Sails and Sail-Making. 

With Draughting, and the Centre of EflTort of the Sails. By Robert 
Kipping, N.A. 2/6 

Marine Engines and Steam Vessels. 

By R. Murray, CE. Eighth Edition, thotoughly revised, with Addi- 
tions by the Author and by George Carlisle, C.E. . . . 4/6 

Naval Arohiteoture : 

An Exposition of Elementary Principles. By Jambs Peake . . 3/6 

Ships for Ocean and River Service, 

Principles of the Construction of. By iiAKON A. Sommerpeldt . 1/6 

Atlas of Engravings 

To Illustrate the above. Twelve large folding Plates. Royal 4to, cloth 7/6 

The Forms of Ships and Boats* * 

By W. Bland. Ninth Edition, with numerous Illustrations and 
ModeU 1/6 



6 WEALE's SCIEXTIFIC and technical SERHSSi 

ARCHITECTURE AND THE 

BUILDING ARTS. 
Gonstruotlonal Iron and Ste^l Work, 

As applied to Public, Prirate, and Domestic Buildings. By Franci» 
CAMriN, CE 3/S> 

BuUdintf Bstatos : 

a Treatise on the Development, Sale, Purchase, and Management of Build- 
ing Land. By F. Maitland. IVird Edition 2/0 

Tho Soienoo of Building : 

An Elementary Treatise on the Principles of Construction. By £. Wvnd-. 
HAM Tarn, M.A. Lond. Fourth Edition 3/& 

Tho Art of Building : 

General Principles of Construction, Strength, and Use of Materials, Workinr 
Drawings, Specifications, &C. By Edward Dobson, M.R.I.B.A. . 2/0 

A Book on Building, 

Civil and Ecclesiastical. By Sir Edmund Beckbtt, Q.C. (Lord Grim- 
thorpb). Second Edition 4/& 

Dwelling-HouseB (The Brootion of), 

Illustrated by a Perspective View, Plan^, and Sections of a Pair of Villas, with 
Specification, Quantities, and Estimates. By S. H. Brooks, Architect 2/6^ 

Cottage Building. 

By C. Brucr Allbn. Eleventh Edition, with Chapter on Economic Cot- 
uges for Allotments, by E. E. Allen, CE 2/Ol 

Aooustice in Relation to Architecture and Building : 

The Laws of Sound as applied to the Arrangement of Buildings. By Pro- 
fessor T. Rogrr Smith, F.R.I. B.A. New Edition, Revised . .1/6 

The Rudiments of Practical Bricklaying. 

General Principles of Brickla3ring ; Arch Drawing, Cutting, and Setting;. 
Pointing ; Paving, Tiling, &c. By Adam Hammond. With 68 Woodcuts- 

1/6 
The Art of Practical Brick Gutting and Setting. 

By Adam Hammond. With 90 Engravings 1/6 

Brickvrork : 

A Practical Treatise, embodying the General and Higher Principles of 
Bricklaying, Cutting and Setting ; with the Application of Geometry to Roof 
Tiling, &C. By F.Walker 1/6 

Bricks and Tiles, 

Rudimentary Treatise on the ^Tanu^acture of; containing an Outline of the 
Principles of Brickmakin?. By E. Dobson, M.R.I.B.A. Additions bw 
CToMLiNSON, F.R.S. Illustrated 3/0 

The Practical Brick and Tile Book. 

Compn.sing: Brick and Tilb Making, by E. Dobson, M.Inst.CE.^, 
Practical Bricklaying, by A. Hammond ; Bkick-cutting and Sstting, 
by A. Hammond. 550 pp. with 270 lUustratious, half-bound . . 6/0- 

Carpentry and Joinery — 

The Elementary PRiNCirtES op Carpentry. Chiefly^ composed from the 
Standard Work of Thomas Tredcold, CE. With Additions, and Trbatisv 
on Joinery, by E. W. Tarn, M.A. Seventh Edition . . . 3/6 

Carpentry and Joinery — Atlas 

Of 33^ Plates to accompany and Illustrate the foregoing book. Widft 
Descriptive Letteroress. 410 . . . . 6/0 



WEALE*S SCIENTlFItJ AND TECUNICAL SERIES. 7 
A Praotioal Treatise on Handrailing; 

Showing New and Simple Methods. By Geo. Collings. Second Edition, 
Kevised, including a Trbatisb ON Staikbuilding. With Plates . 2/6 

Oircular Work in Carpentry and Joinery. 

A Practicall realise on Circular Work of Single and Double Curvature. 
by Gborgb Collings. Third Edition ...... 2/6 

Roof Carpentry: 

Practical Lessons in the Framing of Wood Roofii. For the Use of Working 
. Carpenters. By GbA Collings 2/0 

The Construotion of Roofa of Wood and Iron; 

Deduced chiefly from the Works of Robison, IVed^old, and Humber. Bv 
E. WvNDHAM Tarn, M.A., Architect Third Edition . . .1/6 

The Joints Made and Used by Builders. 

By Wyvill J. Christy, Architect. With i6o Woodcuts . . 3/0 

Shoring 

And its Application : A Handbook for the Use of Students. By Gborgb 
H. Blagkovb. With 31 Illustrations 1/6 

The Timber Importer's, Timber Merchant's, and 
Builder's Standard Guide. 

By R. E. Grandy 2/0 

Plumbing: 

A Text-Book to the Practice of the Art or Craft of the Plumber. With 
Chapters upon House Drainage and Ventilation. Bv Wm. Paton Buchan. 
Eighth Edition, Re-written aud Enlanjed, with 500 Illustrations 3/6 

Ventilation : 

A Text Book to the Practice of the Art of Ventilating Buildings. By W. P. 
Bu«HAN, R.P., Author of " Plumbing," &c. 'With 170 Il.ustrations 3/6 

The Practical Plasterer: 

A Compendium of Plain and Ornamental Plaster Work. By W.Kemp 2/0 

House Painting, Graining, Marbling, ft Sign Writing. 

With a Course of Elementary Drawing, and a Collection of Useful Receipts. 
By Ellis A. Davidson. Eighth Edition. CoU ured Plates . . o/O 

*»• The abovt% in cloth boards^ strongly bounds 6/0 

A Grammar of Colouring, 

Applied to Decorative Painting and the Arts. By George Field. New 
Edition, enlarged, by Ellis A. Davidson. With Coloured Plates . 3/0 

Blementary Decoration 

As applied to Dwelling Houses, &c. By James W. Facey. Illustrated 2/0 

Practical House Decoration. 

A Guide to the Art of Ornamental Painting, the Arrangement of Colours in 
Apartments, and the Principles of Decorative Design. By J ames. W. Facey 

2/6 
•»• Tfu last two IVorks in One handsome Vol., half-bound, entitled " House 
Decoration, Elbwewtary and Practical," /"« 6/0* 

Portland Cement for Users. 

By Henry Faija, A.M.Inst. C.E. J bird Edition, Corrected . . 2/0 

liimes, Cements, Mortars, Concretes, Mastics, Plas- 
tering, &c. 

By G. R. Burnell C.E. Fifteenth Edition .... 1/6 



8 WEALK'S 8C1ENTIFJC AND TflCHNlGAL SERIES. 
Mftsonry M^d 8toii«-Giittinjf • 

Tke Principles of Mawnn: Projection and their application to Construction 
By Edward DoBSON, M.R.I.B.A. 2/6 

Aroh«s, Piam, Bnttr — • ■ , fto.: 

Experimental Eisasrs on the Principles of Constmction. By W. Bland. 

1/6 
Quantities and M •asarements. 

In Bricklayers', Masons', Plasterers*. Plumbers', Painters', Paperhangen', 
Gilders', Smiths*, Carpenters' and Joiners' Work. By A. C. Beaton 1 /6 

Ths Complete Measurer: 

Setting forth the Measurement of Boards, Glass, Timber and Stone. By R. 
HoRTON. Sixth Edition 4/0 

%• The mSfiVf, tircmgly bound in Umthtr^ prict 6/0* 

Li^t: 

An Introduction to the Science of Optics. Designed for the Uiie of Students 
of Architecture, Engiueerinic, and other Applied Sciences. By E. Wynd> 
HAM Tarn, M. A., Author of " The Science of Building," &c . > 1 /6 

Hints to Young Architects. 

By Grorgb Wightwick, Architect. Sixth Edition, revised and enlarged 
by G. HusKissoN GuiLLAUMB, Architect 3/6 

JLrohitecture— Orders : 

The Orders and their A^thetic Principles. By W. H. Lkbds. Illustrated. 

Architecture— Styles : 

The History and Description of the Styles of Architecture of Various 
Countries, from the Earliest to the Present Period. By T. Talbot Bufcv, 
F.R.I.B.A. Illustrated 2/0 

*«* Orders and Styles or Architecture, in One VoL^ 3/6* 

Architecture — I>esi^ : 

The Principles of Design in Architecture, as deducihie from Nature and 
exemplified in the Works of the Greek and Gothic Architects. By Eow. 

Lacy Garbbtt, Architect. Illustrated 2/6 

*»• Tlu three preceding Works in One handsome Vol.^ half bounds entitled 
''Modern ARCHiTBCTURE,"/r{V« 6/0* 

Perspective for Beginners. 

Adapted to Young Students and Amateurs in Architecture, Painting, ftc. 
By George Pyne 2/0 

Architectural Modelling in Paper. 

By T. A. RiCHARDsuN. With Illustrations, engraved by O. Jkwitt \ fQ 

Glass Staining, and the Art of Painting on Glass. 

From the German of Dr. Gessert and Emanl'BL Otto From berg. With 
an Appendix on The Art of Enamelling 2/6 

Yitruvius— The Architecture of. 

In Ten Books. I'ranslated from the Latin by Joseph Gwilt. F.S.A.. 
F.R.A.S. With 23 Plates . . . 5/0 

N.B.—Tkis is the only Edition ^/^Vitruvius procurable at a moderate prict. 

Grecian Architecture, 

An Inquiry into the Principles of Beauty ih. With an Historical View of the 
Rise and Progress of the Art in Greece. By the Earl of Aberdeen \ fQ 

*•* The two preceding Works in One handsome Vol.. half bounds entitUd ' 
••Ancient Architecture," price 6/0. 
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INDUSTRIAL AND USEFUL ARTS. 
Cements, Pastes, Olues, and Oums. 

A Guide to the Manufactare and Application of Aggluttnants. With 900 
Recipes and Fonnulae. By H. C. Standagb . . . 2/0 

Clocks and Watches, and Bells, 

A Rudimentary Treatise on. By Sir Edmund Bbckbtt, Q.C (Lord 
Grimthorpb). Seventh Edition 4/Q 

Slectro-Metallor^, 

Practically Treated. By Albxamdbr Watt. Tenth Edition, enlarged 
and revised including the most Recent Processes , , . . 3/G 

The Goldsmith's Handbook. 

Containing full Instructions in the Art of Alloying, Meltipg, Reducing, 
Colouring, Collecting and Refining, Recovery of Waste, Solders, Enamels, 
&C., ftc. By Gbokgb E. Gbb. Fifth Edition . . . 3/0 

The SilTersmith's Handbook, 

On the same plan as the Goldsmith's Handbook. By G. E. Gbr. 3/0 
♦,* TJU last two IVcrks, in One handsome Vol., haif-bound, J/Q. 

The Hall-Marking of Jewellery. 

Comprising an account of all the different Assay Towns of the United 
Kingdom ; with the Stamps and Laws relating to the Standards and Hall 
Manes at the various Assay Offices. By Gborgb E. Gbb . . 3/0 

French Polishing and Bnamelling. 

A Practical Work of Instruction, including numerous Recipes for making 
Polishes, Varnishes, Glaze-Lacquers, &c. cy R. Bitmbad . . 1 /o 

Praotioal Organ Building. 

By W. E. Dickson, M.A. Second Edition, Revised, with Additions 2/6 

Coach-Building: 

A Practical Treatbe. By Jambs W. Burgb^ With 57 Illustrations 2/6 

The Cabinet-Maker's Guide 

To the Entire Con-tnjction of Cabinet Work. By R. B(TMEAD . 2/6 

The Brass Founder's Manual: 

Instructions for Modelling, Pattern Making, &c By W. Graham . 2/0 

The Sheet-Metal Worker's Guide. 

A Practical Handbook for Tinsmiths, Coppersmiths, Zincworkers, £:c.,^th 
46 Diagrams. By W. J. E. Cranb. Third Edition, revised . . . 1/6 

Bevring Machinery: 

Its Construction, History, &c. With full Technical Directions for Adjust- 
ing, &C. By J. W. Urquhart, CE. ....... 2/0 

Cas Fitting: 

A Practical Handbook. By John Black. I^ew Edition . . 2/6 

Construction of Door Locks. 

From the Papers of A. C. Hobbs. Edited by C. Tomlinson, F.R.S. 2/6 

IThe Model LocomotiYe Bngineer, Fireman, and 
Bngina-Boy. 

By MicFABL Reynolds . . 3/6 

The Art of Letter Painting made Basy. 

By J. G. Bauenoch. With 12 full-page Engravings of Examples . t /6 

IThe Art of Boot and Shoemaking. 

Including Measurement, Last-fitting, Ciftting-out, Closing and Makiivg. By 
John Bkdpokd Lbno. With numerous Illustrations. Fourth Edition 2/0 

Mechanical Dentistry: 

A Practical Treatise on the Construction of the Various Kinds of Artificial 
Dentures. By Charles Hunter. Fourth Edition . . . 3/0 

Vood Bngraving: 

A Practical ami Elasy Introduction to the Art. By W. N. Brown . \ /9 

Uaundry Management. 

A Handbook for Use in Private and Public Laundries . . ' . 2/0 
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AGRICULTURE, GARDENING, ETC. 
Draining and Bmbankin|(: 

A PrmctioU Trtatise. Hy Prof. John Scott. With 68 lUitstrations |/S 

Irri^tion and Watar Supply: 

A Practical Treatise on Water Meadows, Sewage Irrigation. Warping, ftc;. 
on the Consi ruction of Wells, Pouds Reservoirs, Ac Ky Prof. JOHir 
Scott. With 34 Illustrations t/6 

Farm Roads, Fsnoes, and Gates: 

A Practical Treatise on the Roads, Tramways, and Waterways of th* 
Farm ; the Principles of Enclosures ; and the different kinds of Fences, 
Gates, and Stiles. By Prof. John Scott. With 75 Illustrations . 1 /S 

Farm Buildings: 

A Practical Treatise on the Buildings necessary for various kinds of Farms, 
their Arrangement and Construction, with Plans and Estimates. By Prof. 
John Scott. With 105 Illustrations 2/0 

Bam Implsmsnts and Machines: 

Treatmg of the Aoplication of Power and Machines used in the Threshing- 
bam, Stockyard, Dairy, &c. By Prof. J. Scott. With 123 Illustrations. 

2/0' 

Field Implements and Macdiines: 

With Principles and Details of Construrtion and Points of Excellence, their 
Management, &c By Prof. John Scott. With 138 Illustrations 2/Cy 

jL^ioultnral Surveying: 

A Treatise on Land Surveying. levelling, and Setting*out ; with Directions 
for Valuing Estates. By Piof. J. Scott. With 6a Illustrations . 1 /S 

Farm Engineering. 

By Professor John Scott. Comprising th^ above Seven Volumes in One, 
1,150 pages, and over 600 Illustrations. Hclf-bound . 1 2/Ci 

Outlines of Farm Management. 

Treating of the General Wprk of the Farm; Stock; Contract Work; 
Labour, &c. By R. Scott Burn 2/6* 

Outlines of Iianded Estates Management. 

Treating of the Varieties of Lands, Methods of Farming, Setting-out ol 
Farms, Roads, Fences, Gates, Drainage, &c. By R. Scott Burn . 2/G' 

%* TJU abe>V€ Ttm Vols, in One^ kandsomeiy hAlf-boumd^ price 6/0 

Soils, Manures, and Crops. 

(Vol. I. Outlines of Modern Farming.) By R. Scott Burn . 2/0" 

Farming and Farming Economy. 

(Vol II. OuTUNES or Modern Farming.) By R. Scott Burn 3/Q 

Stook: Cattle, Sheep, and Horses. 

(Vol. III. Outlines op Modern Farming.) By R. Scott Burn 2/& 

Dairy, Pigs, and Poultry. 

(Vol. IV. Outlines of Modern Farming.) By R. Scott Burn 2/0 

Utilization of Sewage, Irrigation, and Beolamation 
of Vaste Land. 

(Vol. V. Outlines of Modern Farming.) By R. Scott Burn . 2/S 

Outlines of Modem Farming. 

By R. Scott Burn. Consisting of the abore Five Volumes in One, 
1.250 pp., profusely Illustrated, half-bound ... 1 2/0 
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Book-keeping for Fanners and ESstate Owners. 

A Practical Treatise, presenting, in Three Plans, a System adapted for all 
classes of Farms. By J. M. Woodman. Third Eldttion, revised . 2/6 

Ready Reckoner for the Admeasurement of liand. 

By A Arman. Fourth Edition, revised and extended by C. Norris 2/0 

Miller's, Com Merchant's, and Farmer's Ready 
Reokoner. 

Second Edition, revised, with a Price List of Modern Flour Mill Machinery, 
by W. S. HuTTON. C.E 2/0 

The Hay and Stravr Measurer. 

New Tables for the Use of Auctioneers, Valuers, Farmers, Hay and Straw 
Dealers, &c. By John Steels 2/0 

Meat Production. 

A Manual for Producers, Distributors, and Consumers of Butchers' Meat. 
By John Ewart 2/6 

Sheep: 

The History, Structure, Economy, and Diseases of. By W. C. Spooner, 
M.R.V.S. Fifth Edition, with fine Engravings 3/d 

Market and Kitchen Gardening. 

By C. W. Shaw, late Editor of " Gardening Illustrated" . . . 3/0 

Kitchen Gardening Made Easy. 

Showing the best means of Cultivating every known Vegetable and Herb, 
&c., with directions for management all the year round. By George M. F. 
Glennv. Illustrated 1/6 

Cottage Gardening: 

Or Flowers, Fruits, and Vegetables for Small Gardens. By E. Hobday. 

1/6 
Garden Receipts. 

Edited by Charles W. Quin • • • 1 /6 

Fruit Trees, 

The Scientific and Profitable Culture of. From the French of M. Dq 
Brbuil. Fifth Edition, carefully Revised by George Glenny. With 
187 Woodcuts 3/6 

The Tree Planter and Plant Propagator : 

With numerous Illustrations of Grafting, Layering, Budding, Implements, 
Houses, Pits, &c. By Samuel Wood 2/0 

The Tree Pruner: 

A Practical Manual on the Pruning of Fruit Trees, Shrubs, Climbers, and 
Flowering Plants. With numerous Illustrations. By Samuel Wood 1 /6 

♦»• The above Two Vols, in One, handsomely half-boundt price 3/6. 

The Art of Grafting and Budding. 

By Charles Baltet. With Illustrations ... « . 2/6 
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MATHEMATICS, ARITHMETIC, ETC. 
Desoriptive Geometry, 

An Elemenury 'IVeatise on ; with a Theory of Shadows and of Perspective, 
extracted from the French of G. Mongb. To which is added a Description 
of the Principles and Practice of Isomctrical Projection, liy J. F. Heather, 
M.A. With 14 Plates 2/0 

Praotioal Plane Geometry: 

Giving the Simplest Modes of Constructing Figures contained in one Ptane 
and Geometrical Construction of the Ground. By J. F. Heather, M.A. 
With 215 Woodcuts 2/0 

Analytical Geometry and Conic Sections, 

A Rudimentary Treatise on. By Tames Hann. A New Edition, re- 
written and enlarged by Professor J. k. Young .... 2/0 

Budid (The SSlements of). 

With many Additional Proposiiions and Explanatory Notes ; to which is 
prefixed an Introductory Essay on Logic. By Henry Law, C.E . 2/6 

*,* S0M aiso separately^ viz l — 
Euclid. The First Three Books. By Henrv Law, C.E. . . .1/6 
BtLOUd. Books 4, 5, 6, II, 13. By Hknkv Law, CE. . • .1/6 

Plane Trigonometry, 

The Elements of. By James Hann. 1/6 

Spherical Trigonometry, 

The Elements of. By James Hank. Revised by Chari.es H. Dow- 
ling, CE 1/0 

•,* Or with " The EUtnents of Plane Trigonometry," in One Volume^ 2 '6 

Differential Calculus, 

Elements of the. By W. S. B. Woolhouse, F.R.A.S., &C. . .1/6 

Integral Calculus. 

By HoMBRSHAM Cox, B. A. 1/6 

Algebra, 

The Elements of. By James H addon, M.A. With Appendix, containing 
Miscellaneous Investigations, and a Collection of Problems . . 2/0 

A Key and Companion to the AboYC. 

An extensive Repository of Solved Examples and Problems in Algebra. 
By J. R. Young 1/6 

Commercial Book-keeping. 

With Commercial Phrases and Forms in English, French, Italian, and 
German. By James Haddon, M.A l/Q 

Arithmetic, 

A Rudimentary Treatise on. With full Explanations of its Theoretical 
Principles, and numerous Examples for Practice. For the Use of Schools 
aiKi for Self-instruction. By J. R. Yuum;, late Professor of Mathematics 
in Belfast College. '1 hirteenth Edition . . . . . '1/6 

A Key to the Aboire. 

By J. R.Young 1/6 

Bquational Arithmetic, 

Applied to Questions of Interest, Annuities, Life Assurance, and General 
Coiimerce ; with various Tables by which all Calculations may be greatly 
facilitated. By W. Hii'SLEV 1/6 

Arithmetic, . . 

Rudimenta»-v, for the Use of Schools and Self- Instruction. By James 
Haddc, M.A. Revised by Abraham Arman . . . •1/6 

A Key to the AboYe. 

■ By A. Akm \n 1/6 
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Mathematioal Instruments: 

Their Construction, AdiustiiMtnt, Testing, and Use concisely Explained. 
By J. F. Heaihrk, M^., of the Royal Military Academy, Woolwich. 
Fourteenth Edition, Revised, with Additions, by A. T. Walmislby, 
M.I.C.E. Ori;;inal Edition, in i vol.. Illustrated .... 2/0 

•»• In ordtring thg abcvet bt careful to say " Original Edition" or ^e tk^ 
numher in the Seriet (32), to distinguish it /torn the Enlarged Edition in 
3 vols, (as /oUorvs\— 

Dravin^ and Measuring Instruments. 

Including — I. Instruments employed in Geometrical and Mechanical Draw- 
ing, and ill the Constructitm, Copying, and Measurement of Maps and 
Plans. li. In&truments used for the purposes of Accurate Measurement, 
and for Arithmetical Computations. By J. F. Heathuk, M.A. . 1/S> 

Optioal Instruments. 

Including (more especially) Telescopes, Microscopes, and Apparatus for 
producing copies of Maps and Pians by Photography. By J. F. Hhathbr, 
M.A. Illustrated 1/6^ 

Surveying and Astronomical Instruments. 

Including^ — I. Instruments used for Determining the Geometrical Features, 
of a [>ortion of Ground. II. Instruments employed in A:»tronomical Ob- 
servations. By J. F. Hbathkr, M.A. Iliustrated. . . 1/^ 

♦»* The abm>e three z'olumes form an enlargement of the A uthor^s original work,, 
** Mathematical Instrmnents^ price 2/0* (Described at top of page.) 



Instruments: 

Their Construction, Adjustment, Testing and Use. Comprising Dra wring,, 
Measuring, Optical, Surveying, and Astronomical Instruments. Byjjf. F. 
Heather, M.A. Enlarged Edition, for the most part entirely re-written. 
The Three Parts as above, in One thick Volume 4/& 

The Slide Rule, and How to Use It. 

Containing full, easy, and simple Instructions to perform all Business Cal-- 
culations with unexampled rapidity and accuracy. By Charles Hoars,. 
C.E. With a Slide Rule, in tuck of cover. Seventh Edition . 2/6> 

Logarithms. 

With Mathematical TaVes f3r Trigonometrical, Astronomical, and Nautical 
Calculations. By Henrv Law, C.£. Revised Edition . . . 3/Q< 

Ck>mpound Interest and Annuities (Theory of). 

With '1 ables of Logarithms for the more Difiicult Computations of Interest^ 
Discount, Annuities, &c., in all their Applications and Uses for Alercantilcb 
and State Purposes. By Fedor Thoman, Paris. Fourth Edition . 4>/0> 

Mathematioal Tables, 

For Trigonometrical, Astronomical, and Nautical Calculations ; to which is. 
prefixed a Treatise on Logarithms. By H. Law, CE. I'ogether with a>. 
Series of Tables for Navigation and Nautical Astronomy. By Professor J. 
R. Young. New Edition 4>/0< 

Mathematics, 

As applied to the Constructive Arts. By Francis Ca.mpin, C.E., &c. 
Third Edition 3/0- 

Astronomy. 

By the late Rev. Robert Main, F.R.S. Third Edition, reposed and cor-- 
rected to the Present Time. By W. T. Lynn, FjR.A.S. . . . 2/0' 

Statios and Dynamics, 

The Principles' and Practice of. Embracing also a clear development of' 
Hydrostatics. Hydrodynamics, and Central Forces. By T. Bakbr, C. E. 
Fourth Edition . . . . . . . 1/& 
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BOOKS OF REFERENCE AND 

MISCELLANEOUS VOLUMES. 

A Diotion»ry of Painters, and Handbook for Pioturo 
Amatours. 

Being a Guide for Visitors to Public And Private Picture Gallenex, and for 
Artotuditots, including Glossary of Terms, Sketch of Principal Schooh of 
Painting, &c. By Philippb Daryl, B.A 2/6 

Paintingr Popularly Bzplained. 

ByT. J. UULLICK, Painter, and John Timbs. F.S.A. Indudine Fresco, 
Oil, Mosaic, Water Colour, Water-Glass, Tempera Encaustic, M iniature. 
Painting on Ivory, Vellum, Pottery, Enamel, Glass, &c Sixth Edition 5/0 

A Diotionanr of Torma used in Arohitooture, Build- 
ing, Bntfinooring, Mining, Metallur^, Arohss- 
ology, tno Fino Arts, fto. 

ByJoMNWsAUL Sixth Edition. Edited by R. Hunt, F.R.S. . 5/0 

If ualo : 

A Rudimentary and Practical Treatise. With numerous Examples. By 
Chaklu Child Si*bncbr 2/6 

Planoforto, 

rhe Art of Playing the. With numerous Exercises and Lessons. By 
Chaklbs Child Shbncbk 1/6 

Th« Hous« Manafor. 

A Guide to HouMkeeping, Cookery, Pickling and Preserving, Household 
Work, I).ory Management, Cellarai^e of Wines, Home-brewing and Wine- 
making, Gardening, Ac By An Old Housbkbbpbk 3/6 

Manual of Domostio Modioine. 

By R. QoouiNi, M.D. Intended as a Family Guide in all cases of 
Accident and Emergency. Third Edition, carefully revised . 2/0 

llanatf«muit of Hoalth. 

A Manual of Home and Personal Hygiene. By Rev. James Baird 1 /O 

Natural Philosophy, 

Ptx* the Use of Beginners. By CHAitLK5; Tomlixsox, F.R.S. . .1/6 

Tho BUm«ntary Prin«dplo« of Blootrio I«i^htin^. 

By Ai.AN A. CAMrBBix Svcintox, M.Ixst.C.E., M.I.E.R. Fourth 
Kduloii, Revised [Jast rablisktd \ /6 

Tho Blootrio Tol^gri^^, 

Us History and Progress. By R. Sabixk, CE., F.S.A., &c. . . 3/0 

Handbook of Piold Poriifloatioa. 

By Major W. Wv Knoi.lX'S, F.R.aS. With 163 Woodcuts . . 3/0 

Lotflo, 

Pure and ApptMlv ByS.H Emmbst*;. Tluid Cditioo . • . |/6 

Looko on tho Human Undorotanding, 

S«)tctioiM fVoww With N«t«s by S. H« Exmbxs . • , -1/6 

Vho Oompondtous Oaloulatev 

I < /iilWyi¥« C^'^tiMfiimt\ Or Ra!«y and Concne Metihods of KHwvui^ tiie 
\<it^rt ArithmetKat OpetatMinit required hi CoawMKsal aad Bvsomsb 
lVan»actkNns ; ttMMher wkK U^«^l Tables l^c By Damn. O Gokmak. 
t>S'tiily-«t\%Mb KditkMS c«r«(uUy rextsed by C KoftMS , 
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Measures, Weights, and Moneys of all Nations. 

With an Analysis of the Christian^ Hebrew, and Mahometan Calendars. 
By W. S. B. WooLHOUSE, F.R.A.S., F.S.S. Seventh E<lition - 2/6 

Orammar of the English Tongue, 

Spoken and Written. With an Introduction to the Study of Comparative 
Philology. By Hyde Clarice, D.C.L. Fifth Edition. . . .1/6 

Dictionary of the English Language. 

As Spoken and Written. Containing above xoo,ooo Wordi^" By Hvds 

Clakke, D.CL. 3/6 

Com f hie with the Grammar, 6/6. 

Ck>niposition and Punctuation, 

Familiarly Explained for those who have neglected the Study of Grammar. 
By Justin Brbnan. x8tti Edition. 1/6 

French Grammar. 

With Complete and Concise Rules on the Genders of French Nouns. By 
G. L. Strauss, Ph.D 1/6 

English-French Dictionary. 

Comprising a large number of Terms used in Engineering, Mining, &c. 
By Alfred Elwes 2/0 

French Dictionary. 

In two Parts — 1. French-English. II. English- French, complete in 

One VoL 3/0 

*,* Or with the Grammar, 4/6* 

French and English Phrase Book. 

Containing Introductory Lessons, with Translations, Vocabularies of Words, 
Collection of Phrases, and Easy Familiar Dialogues . . • •1/6 

Chsrman Grammar. 

Adapted for English Students, from Heyse's Theoretical and Practical 
Grammar, by Dr. G. L. Strauss 1/6 

Cerman Triglot Dictionary. 

By N. E. S. A. Hamilton. Part I. German-French-Enclish. Part II. 
English-German-French. Part III. French-German-English . . 3/0 

Cerman Triglot Dictionary. 

(As above). Together with German Grammar, in One Volume . 5/0 

Italian Grammar. 

Arranged in Twenty Lessons, with Exercises. By Alfred Elwes. 1 /Q 

Italian Triglot Dictionary, 

Wherein the Genders of all the Italian and French Nouns are care^illy 
noted down. By Alfred Elwes. Vol. I. Italian-English- French. 2/o 

Italian Triglot Dictionary. 

By Alfred El V. Es. Vol. II. English- French- Italian . . . 2/6 

Italian Triglot Dictionary. 

By Alfred Elwes. Vol. III. French-Italian-English . . . 2/6 

Italian Triglot Dictionary. 

(As above). In One VoL . 7/6 

Spanish Grammar. 

In a Simple and Practical Form. With Exercises. By Alfred Elwes 1 /6 

Spanish-English and English-Spanish Dictionary. 

Including a large number of Technical Terms used in Mining, Engineering, 
&c., witn the proper Accents and the Gender of every Noun. By Alfred 

Elwes 4/0 

*»* Or with the Grammar, 6/0* 



